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P  R  E  F  A  C  E. 


HE  method  I  took  to  diflinguifh  the  books  I  had  feen 


from  thofe  I  had  not  feen,  in  the  catalogue  of  electrical 
authors,  fubjoined  to  the  Hiftory  of  Elearicity*  has  been  atten¬ 
ded  with  the  advantage  I  promifed  myfelf  from  it.  Several 
perfons,  who  were  in  pofleffion  of  books  I  had  not  feen, 
have  communicated  them  to  me,  and  I  have  carefully  perufed 
them,  and  digefted  their  contents  into  the  fccond  edition,  and 
printed  them  feparately  for  the  benefit  of  thofe  who  purchafed 
the  firft.  Far  the  greater  part  of  thefe  new  authors,  the  reader 
will  perceive  by  the  catalogue,  were  German,  and  wrote  in 
High  Dutch,  a  language  with  which,  I  believe,  the  literati  of 
this  country  are  but  little  acquainted,  which  might  be  the  rea- 
fon  why  neither  myfelf  nor  my  friends  had  ever  heard  of  them 
before.  Though  the  new  materials  they  have  fupplied  cannot 
be  faid  to  be  of  the  firft  importance,  many  of  the  articles  are 
very  curious,  and  I  hope  the  reader,  as  well  as  myfelf,  will 
think  that  they  have  well  repaid  me  for  my  trouble  in  learning 
the  language. 


a. 


It 


iv  THE  PREFACE. 

I  t  is  certainly  much  to  be  regretted,  that  philofophers  have 
not  one  common  language;  but  neither  the  theory  of  language 
in  general,  nor  the  nature  and  analogies  of  things  to  be  expref- 
fed  by  it  are  yet  fufBciently  underflood,  to  enable  us  to  contrive 
a  new  and  philofophical  one,  that  might  be  eafily  learnt,  and 
would  be  completely  adequate  to  all  the  purpofes  of  fcience  ; 
and  Latin  is  a  language  which  perfons  of  a  philofophical  turn 
of  mind  have  feldom  leifure  to  make  themfelves  fo  much  mas¬ 
ters  of,  as  to  enable  them  to  write  in  it  with  that  elegance 
which  the  tafle  of  the  age  requires.  Befides,  books  written  in 
Latin  are  but  little  read,  at  leafl  in  England,  and  there¬ 
fore  could  have  no  fale  with  us.  Thefe  circumflances  make  it 
the  more  neceffary,  that  there  fhould  be,  in  every  country, 
perfons  poffefTed  of  a  competent  knowlege  of  foreign  lan¬ 
guages,  who  fhould  be  attentive  to  the  progrefs  of  fcience  a- 
broad,  and  communicate  to  their  countrymen  all  ufeful  difco- 
veries  as  they  are  made. 

Besides  additions  to  the  hiflory,  and  other  parts  of  the 
work,  the  reader  will  find  three  intire  new  fe&ions  of  original 
experiments. 

LEEDS, 

January,  1769.  ' 
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PAGE  2.  Mr.  Boze  is  faid  to  have  fhown,  that  the 
agate  was  known  very  early  to  have  eleCtric  powers.* 

5.  About  thirty  years  after  Gilbert,  Nicolaus  Cabaeus,  a 
Jefuit  of  Ferrara,  repeated  his  experiments  $  and  found  that 
white  wax ,  aim  oft  all  the  gums ,  and  crude  gypfum ,  were  to  be 
ranked  among  eleCtric  bodies. -f* 

7.  Mr.  Boyle  got  a  glimpfe,  as  we  may  fay,  of  the  elcCtric 
light,  for  he  found  that  a  curious  diamond,  which  Mr.  Clayton 
brought  from  Italy,  gave  light  in  the  dark,  when  it  was  rub¬ 
bed  againft  any  kind  of  fluff  and  he  found  that,  by  the  fame 
treatment,  it  became  electrical.  He  alfo  obferved  the  fame 
property  in  feveral  other  diamonds.  J 

*  Gefchichte,  Vol,  1.  p.  179.  /  +  Ib.p.  180.  |  Secondat’s  Hiftoryof  Elec- 

*  tricity,  p.  141, 
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9.  The  members  of  the  academy  at  Florence,  about  the 
time  of  Otto  Guericke,  made  fome  electrical  experiments  with 
amber  and  gems.  They  obferved  that  flame  was  not  affeCted 
by  eleCtricity ;  but  that  it  attracted  all  fluid  bodies,  and  among 
the  reft  quickfilver  j  and  that  eleCtric  bodies  flhowed  no  power 
when  they  were  rubbed  by  fmooth  bodies,  as  glafs,  chryftal, 
or  ivory.*  - 

46.  Mr.  Du  Faye  found  that  not  only  damp  air,  but  alfo 
great  heat  was  prejudicial  to  electricity,  and  that  his  experi¬ 
ments.  often  failed  in  the  warmeft  hours  of  a  moderately  hot 
day,*f* 

lb.  In  order  to  determine  (as  he  imagined)  whether  fome 
bodies  did  not  contain  more  eleCtric  matter  than  others,  he 
hung  upon  an  iron  bar,  fufpended  on  fllken  ftrings,  threads  of 
fllk,  wool,  cotton  and  linen  ;  and  obferved  that  when  the  ex¬ 
cited  tube  was  brought  near  the  bar,  the  linen  threads  feparated  to 
the  greateft  diftance,  and  fo  were  moft  affeCted 3  the  cotton  next, 
then  the  fllk,  and  the  wool  leaft  of  all,  the  threads  hanging 
almoft  clofe  together.  From  this  he  concluded,  that  of  all 
thefe  fubftances,  linen  contained  the  moft  electricity  in  it.J 
48.  From  his  experiments  concerning  the  eleCtric  fpark 
drawn  from  animal  bodies,  he,  at  that  time,  concluded,  that 
the  bodies  of  living  animals  (and  alfo  metals)  were  furrounded 
with  an  atmofphere  of  vapour,  which  was  actually  fet  on  fire 
by  the  eleCtric  light. §  ; 

lb.  He  obferved,  that  a  cat  emitted  an  eleCtric  fpark,  which 
evidently  gave  her  pain,  when  the  finger  was  brought  to  any 
/  •  •  *  ‘  *  b*  " 

*  Gcfchichte,  Vol.  j.  p.  182.  f  lb.  Vol.  1.  p.  211.  J  lb.  Vol.  1.  p.  231. 

$  lb.  Vol.  1 .  p.  215,  230. 
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part  of  her  body,  after  fhe  had  been  flroked,  while  die  was 
fitting  on  a  filk  cufhion.  This  mufl  have  appeared  very  extra¬ 
ordinary,  before  it  was  known,  that  the  eledtric  matter  palled 
from  the  hand  to  the  cat,  in  the  adt  of  rubbing.* 

48.  With  the  eledtric  fpark,  he  imagined  he  could  have 
fired  inflammable  fubftances  ;  and  he  made  leveral  attempts 
with  tinder  and  gunpowder,  but  without  fuccefs :  He  found  no 
appearance  of  real  fire.  This  was  a  capital  difcovery  referved 
for  the  Germans. -f* 

63.  Mr.  Faye,  in  the  memoirs  of  the  academy  of  fciences  for 
the  year  1737,  acknowledges  that  the  experiments  of  Mr.  Grey 
and  Mr.  Mortimer,  concerning  the  revolutions  of  light  bodies 
round  an  eledtrified  ball,  did  not  fucceed  with  him.  But  fays, 
they  were  the  only  ones  of  Mr.  Grey’s  which  had  not;  and, 
with  a  temper  becoming  a  philofopher,  adds,  that  he  doth  not, 
therefore,  fay,  that  they  never  had  fucceeded  ;  but  feems  rather 
willing  to  attribute  the  failure  with  himfelf,  to  his  omitting 
fome  circumftance,  not  mentioned  by  thofe  gentlemen,  though, 
unknown  to  them,  it  might  be  of  principal  confequence  to  the 
experiment. J 

69.  The  prize  gained  by  Dr.  Defaguliers  was  a  medal  of  the 
value  of  300  livres,  propofed,  at  therequeft  of  Mr.  Harpez  de  la 
Force,  for  the  belt  eflay  on  eledtricity,  and  fhows  how  much 
this  fubjedt  engaged  the  attention  of  philofophers  at  that 
time.§ 

70.  According  to  fome  accounts,  Chriftian  Auguftus  Hau- 
fen,  profeflor  of  mathematics  at  Leipfic,  was  the  firfl:  who  re- 

f  lb.  Vol.  1.  p.  229.  t  lb.  Vol.  I.  p.  226. 

§  lb.  Vol.  1.  p.  261. 

A  2  vived 


*  Gefchichte,  Vol.  1.  p.  216. 
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vived  the  ufe  of  Hawkefbee’s  glafs  globe,  and  Mr.  Boze,  who 
was  excited  to  make  experiments  in  electricity  by  the  example 
of  Mr.  Haufen,  borrowed  this  capital  improvement  from  him.* 

72.  Mr.  Winckler  contrived  to  rub  glafs,  and  china 
veffels,  in  the  infide  ;  and  he  fays  they  aCted  as  firongly  on 
bodies  placed  on  the  outfide  of  them,  as  when  they  were 
rubbed  on  the  outfide.'f* 

73.  Mr.  Gordon  obferved  that  electrified  water  evaporated 
falter  than  water  not  electrified,  when  expofed  in  fimilar  glafs 
veffels.  $ 

lb.  He  produced  ffrong  eleCtric  fparks  by  conveying  electri¬ 
city  with  iron  wires,  to  the  difiance  of  200  ells  from  the  place 
of  excitation.  He  alfo  found  that  the  fparks  were  fironger 
when  the  wire  was  thick  than  when  it  was  fmall.§ 

lb.  Mr.  Waitz  made  his  glafs  tubes  aCt  fironger  by  rub¬ 
bing  them  with  a  waxed  cloth  and  a  little  oil.  He  alfo  found, 
that  glafs  made  with  very  little  potafii,  aCted  much  better  than 
that  in  the  compofition  of  which  much  of  it  was  ufed  •,  but  it 
required  longer  time,  and  more  heat  to  vitrify  it.  He  got 
fome  glafs  made  on  purpofe  to  afcertain  the  faCt.  || 

15.  By  various  experiments  of  attraction  and  repulfion, 
which  Mr.  Waitz  made  in  rubbing  a  dog  (which  he  had  made 
thoroughly  dry  for  that  purpofe)  he  proved  that  the  flalhes  of 
light,  which  fometimes  appear  when  animals  are  firoked,  are 
eleCtrical.  This  had  been  fuppofed,  but  was  not  accurately 
afcertained  before.**  It  was  this  gentleman  who  gained  the 
prize  of  50  ducats,  propofed  in  the  year  1744,  by  the  academy 

*  Gefchichte,  Vol'.  i.  p.  278,  279.  f  lb.  Vol.  2.  p.  4-00.  t  lb.  Vol.  2. 

p.  3x7.  §  lb.  Vol.  2.  p.  359.  ||  lb.  Vol.  2.  p.  381.  **  lb.  p.  385. 
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of  fciences  at  Berlin,  for  the  beft  differtation  on  the  fubjeCt  of 
electricity.  It  was  publithed  along  with  three  others,  which 
were  offered  at  the  fame  time,  and  thought  worthy  of  that 
honour.* 

74.  Mr.  Ludolf  the  younger,  demonftrated,  that  the  lu¬ 
minous  barometer  is  made  perfectly  electrical  by  the  motion 
of  the  quickfilver ;  firjft  attracting,  and  then  repelling  bits  of 
paper,  &c.  fufpended  by  the  fide  of  the  tube,  when  it  was  in- 
clofed  in  another,  out  of  which  the  air  was  extracted. -f*  Before 
this  experiment,  thefe  effects  had  been  afcribed  to  the  air. 

Ib.  Professor  Hamberger  and  Mr.  Waitz  had  difcovered 
that  the  motion  of  quickfilver  in  a  glafs  veffel,  out  of  which  the 
air  was  extracted,  had  the  power  of  moving  light  bodies ;  and 
Mr.  Allamand  likewife  found,  that  it  made  no  difference  whe¬ 
ther  the  veffel  had  air  in  it  or  not.  J 

75.  The  electrical  ffar  was  contrived  by  Mr.  Gordon ;  and 
by  turning  the  points  a  little  obliquely,  he  was  furprized  to  find 
it  began  to  move  of  itfelf.§ 

Ib.  Mr.  Gottfried  Heinrick  Grummert,  of  Biala 
in  Poland,  made  a  curious  experiment  upon  eleCtric  light, 
which,  as  we  fhall  fee,  was  afterwards  made  and  purfued  to 
great  advantage  by  Dr.  Watfon  and  Mr.  Canton.  In  order  to 
obferve  whether  an  exhaufted  tube  would  give  light  when  it 
was  electrified,  as  well  as  when  it  was  excited,  he  prefented 
one,  eight  inches  long,  and  a  third  of  an  inch  wide,  to  the 
electrified  conductor,  and  was  furprized  to  find  the  light  dart 
very  vividly  the  whole  length  of  the  tube.  He  alfo  obferved, 

*  Gcfchichte,  Vol.  2.  p.  380.  f  Ib.  Vol.  3.  p.  495. 

4  Ib.  Vol.  2.  p.  317,  358. 
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that,  fome  time  after  the  tube  had  been  prefented  to  the  con¬ 
ductor,  and  expofed  to  nothing  but  the  air,  it  gave  light  again, 
without  being  brought  to  any  electrified  body.  This  light  in 
vacuo  Mr.  Grummert  propofed  to  make  ufe  of  in  mines,  and 
places  where  common  fire,  and  other  lights  cannot  be  had, 
and  for  this  purpofe,  he  mentions  feveral  methods  of  increafing 
this  light.* 

I  shall  conclude  this  account  of  the  difcoveries  of  the 
German  philofophers  in  this  period,  with  a  very  curious  one  of 
ProfefTor  Kruger,  concerning  the  change  made  on  the  colour 
of  bodies  by  the  eleCtric  effluvia.  In  order  to  try  whether 
there  was  any  thing  of  fulphur  in  thefe  effluvia,  he  expofed  the 
red  leaves  of  wild  poppies  to  the  eleCtric  fpark,  and  found  that 
they  were  prefently  changed  to  white.  He  was  not  able  to 
produce  any  change  in  yellow  colours,  nor  in  blue  immedi¬ 
ately  ;  but  found  that  when  they  had  lain  a  day  or  two,  after 
being  expofed  to  this  operation,  they  became  white.  In  thefe 
experiments  the  leaves  were  fattened  with  white  wax  to  plates 
of  tin.-f* 

75.  Such  a  general  attention  was  excited  to  electricity  by  the 
curious  difcoveries  of  the  Germans,  that,  in  the  year  1745, 
eleClrical  experiments  were  exhibited,  in  Germany  and  Hol¬ 
land,  for  money,  as  a  fhow  ;  and  public  advertifements  appeared 
in  the  news-papers  for  that  purpofe.J 

82.  The  perfon  who  firtt  made  the  great  difeovery  of  the 
eleCtric  fhock,  was  Mr.  Von  Kleitt,  Dean  of  the  cathedral  ;n 
Camin;  who,  on  the  4th  of  November  1745,  fent  an  account 
of  it  to  Dr.  Lieberkuhn  at  Berlin.  This  account,  as  taken  by 

*  Gefchichte,  Vol.  1.  p.  417.  f  Ik  Vol.  3.  p.  493.  J  lb.  Vol.  2.  p.  399. 
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Mr.  Gralath  out  of  the  regider  of  the  academy  at  Berlin,  to 
which  it  had  been  communicated,  is  as  follows.  u  When  a 
€t  nail  or  a  piece  of  thick  brafs  wire,  &c.  is  put  into  a  fmall 
“  apothecary’s  phial,  and  electrified,  remarkable  effeCts  follow: 
“  but  the  phial  mud  be  very  dry  or  warm.  I  commonly  rub 
“  it  over  beforehand  with  a  finger,  on  which  I  put  Come 
t(  pounded  chalk.  If  a  little  mercury,  or  a  few  drops  of  fpirit 
“  of  wine,  be  put  into  it,  the  experiment  lucceeds  the  better. 
“  As  foon  as  this  phial  and  nail  are  removed  from  the  eledtri- 
“  fying  glafs,  or  the  prime  conductor,  to  which  it  hath  been 
“  expofed,  is  taken  away,  it  throws  out  a  pencil  of  flame  fo 
“  long,  that,  with  this  burning  machine  in  my  hand,  I  have 
“  taken  above  fixty  fieps,  in  walking  about  my  room.  When 
“  it  is  electrified  drongly,  I  can  take  it  into  another  room,  and 
“  there  fire  fpirits  of  wine  with  it.  If,  while  it  is  electrifying, 
“  I  put  my  finger,  or  a  piece  of  gold,  which  I  hold  in  my 
«  hand,  to  the  nail,  I  receive  a  fhock,  which  fiuns  my  arms 
tf  and  Ihoulders. 

“  A  tin  tube,  or  a  man,  placed  upon  eleCtrics,  is  electrified 
**  much  dronger  by  this  means  than  in  the  common  way. 
«  When  I  prefent  this  phial  and  nail  to  a  tin  tube,  which  I 
• *  have  fifteen  feet  long,  nothing  but  experience  can  make  a 
«  perfon  believe  how  drongly  it  is  electrified.  I  am  per- 
<<  fuaded,  that  in  this  manner,  Mr.  Boze  would  not  have  ta- 
<<  ken  a  fecond  eleCtrical  kifs.  Two  thin  glades  have  been 
“  broken  by  the  (hock  of  it.  It  appears  to  me  extraordinary,. 
««  that  when  this  phial  and  nail  are  in  contaCt  with  either  con- 
“  duCling  or  non-conduCting  matter,  this  drong  diock  does 
«  not  follow.  I  have  cemented  it  to  wood, '  metal,  glafs,  fea- 
“  ling-wax,  &c.  when  I  have  eleClrified  without  any  great 

effed.  The  human  body,  therefore,  mud  contribute  fome- 

“  thing 
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ee  thing  to  it.  This  opinion  is  confirmed  by  my  obferving, 
*e  that,  unlefs  I  hold  the  phial  in  my  hand,  I  cannot  fire  fpi- 
“  rits  of  wine  with  it.”* 

Notwithstanding  Mr.  Kleift  immediately  communica¬ 
ted  an  account  of  this  famous  experiment  (which  indeed,  it  is 
evident,  he  has  but  imperfe&ly  defcribed)  to  Mr.  Winckler  at 
Leipfick,  Mr.  Swietliki  of  Dantzick,  Mr.  Kruger  of  Hale,  and 
to  the  profefiors  of  the  academy  of  Lignitz,  as  well  as  to  Dr. 
Lieberkuhn  of  Berlin  abovementioned,  they  all  returned  him 
word,  that  the  experiment  did  not  fucceed  with  them.  Mr. 
Gralath  of  Dantzick  was  thefirfl  with  whom  it  anfwered ;  but 
this  was  not  till  after  feveral  fruitlefs  trials,  and  receiving  far¬ 
ther  infiruddons  from  the  inventor.-)- • 

The  Abbe  Nollet  had  information  of  this  difcovery,  and 
in  confequence  of  it,  fays,  in  a  letter  to  Mr.  Samuel  Wolfe,  of 
the  fociety  of  Dantzic,  dated  March  9th  1746,  that  the  expe¬ 
riment  at  Leyden  was  upon  principles  fimilar  to  this  made  with 
a  phial  half  full  of  water,  and  a  nail  dipped  in  it ;  and  that 
this  difcovery  would  have  been  called  the  Dantzic  experiment, 
if  it  had  not  happened  to  have  got  the  name  of  that  of  Leyden.  J 
82.  Mr.  Allamand  and  Mr.  Mufchenbroeck  were  the 
firfl  who  repeated  and  published  an  account  of  the  experiment 
of  the  phial,  in  Holland,  the  Abbe  Nollet  and  Mr.  Monnier 
in  France,  and  Melf.  Gralath  and  Rugger  in  Germany. § 

85.  Mr.  Gralath  made  the  {hock  much  flronger  by 
ufing  a  glafs  vefiel  five  inches  in  diameter,  with  a  narrow  neck, 
ten  inches  long j  by  fubflituting  an  iron  wire  with  a  knob  of 

*  Gefchichte,  Vol.  1.  p.  407.  +  lb.  p.  41 1.  %  lb.  p.  409. 

§  lb.  Vol.  2.  p.  433. 
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tin  for  the*  iron  nail,  and  water  for  fpirit  of  wine*.  He  firH 
found,  that  the  fame  fhock  could  be  communicated  to  a  num¬ 
ber  of  perfons,  who  took  hold  of  one  another’s  hands  ;  if  the 
perfon  at  one  extremity  of  the  line  they  made,  touched  the 
outfide  of  the  phial,  and  he  at  the  other  touched  a  wire  com¬ 
municating  with  the  infide.  In  this  manner,  on  the  1  oth  of 
April  1746,  he  gave  a  fhock  to  twenty  perfons;  and  he  fays, 
he  did  not  doubt,  but  it  might  be  given  to  a  thoufand.^-* 
When  thefe  perfons  were  connected  by  pieces  of  metal,  and  did 
not  hold  one  another’s  hands,  they  found  the  fame  fhock,  but 
not  when  they  held  wood,  and  other  imperfeCt  conductors.  J 
This  gentleman,  alfo,  gave  a  fhock,  by  means  of  long  wires, 
to  a  perfon  Handing  in  a  garden,  while  he  himfelf,  who  di¬ 
rected  the  experiment,  had  the  machine  in  a  part  of  the  houfe 
at  a  confiderable  diftance.  And  he  was  the  firft  who  made 
what  we  now  call  an  electrical  battery ;  for  he  increafed  the 
fhock  hy  charging  feveral  phials  at  the  fame  time.§  Laftly,  he 
obferved,  that  if  the  phial  had  the  leaft  crack  in  it,  it  could 
never  give  a  fhock ;  and  alfo  that  when  a  phial  was  difcharged, 
it  acquired  a  fmall  charge  by  Handing,  without  receiving  any 
thing  from  the  machine,  fo  as  to  give  a  fmall  fhock.  ||  This  is 
what  we  now  call  the  rejiduum  of  a  charge,  and  is  properly  part  of 
the  charge  that  lay  on  the  uncoated  part  of  the  phial,  which 
doth  not  let  go  all  its  electricity  at  once ;  fo  that  it  is,  after¬ 
wards,  gradually  diffufed  to  the  coating. 

85.  Mr.  Winckler  found  out  the  method  of  making  the 
difcharge  of  the  phial  without  feeling  the  fliock  himfelf,  by 
not  bringing  his  own  body  into  the  direCt  circuit.** 

*  GcfcKichte,  Vol.  2.  p.  411.  f  lb.  p.  439.  %  lb.  p.  440.  §  lb.  p.  552. 

(|  Dantzick  Memoirs,  Vol.  1.  p.  514,  516.  **  Gefchichte,  Vol.  2.  p.  459. 
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85.  He  alfo  gave  the  fhock  when  feveral  ells  of  running 
water,  in  his  garden,  made  part  of  the  circuit.  This  he  did 
on  the  28th  of  July  1746,  about  the  fame  time  that  Mr.  Mon- 
nier  performed  the  fame  experiment  in  France.*  And,  laftly, 
he  found  that  the  more  globes  were  ufed,  and  the  larger  they 
were,  the  ftronger  was  the  fhock. This  muft  be  the  confe- 
quence  of  increafing  the  power  of  excitation. 

85.  When  Mr.  Gallabert  made  the  Leyden  experiment  with 
hot  water,  the  phial  broke  by  a  fpontaneous  difcharge,  and  a 
circular  piece,  two  lines  and  a  half  diameter,  was  thrown  from 
the  place  of  the  rupture,  againft  a  wall,  which  was  at  the 
diftance  of  five  feet.  The  veffel,  he  fays,  had  no  crack,  or 
other  injury.  J 

95.  Both  Mr.  Gralath  and  Mr.  Richman  obferved,  in  fe¬ 
veral  cafes,  a  flronger  fpark  between  two  bodies  when  both  of 
them  were  electrified,  than  when  only  one  of  them  was  in  that 
Rate;  but  neither  of  them  fufpeCted,  that  the  electricities  were 
of  a  different  kind.§ 

ioi.  Mr.  Monnier,  who  made  the  experiment  of  tranf- 
mitting  the  eleCtric  fhock  through  a  bafon  of  water  in  the 
Thuilleries,  mentioning  the  quantity  of  furface  in  the  bafon,  as 
if  it  was  of  confequence  to  the  experiment,  and  exprefsly  fay¬ 
ing  it  was  ekftrijied 3  Mr.  Gralath  made  feveral  experiments, 
which  prove,  that  bodies  which  form  the  circuit  of  the  fhock 
are  not  properly  electrified.  || 

133.  Mr.  Gralath  confiruCted  an  electrometer  upon  the 
fame  principle  with  that  of  Mr.  Ellicott.** 

*  Gefchiclite,  Vol.  3.  p.  504.  f  lb.  p.  526.  J  Jallabert’s  Experiences,  p.  128, 

§  Wilcke’s  Preface  to  the  German  Verficn  ©./' Franklin’s  Letters.  ||  Gefchichte, 

Vol.  3.  p.  552.  **  Dautzick  Memoirs,  Vol.  1.  p.  525. 
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171.  Mr.  Winckler  enumerated  many  particulars,  in 
which  electricity  and  lightning  refemble  one  another.* 

172.  It  was  a  fmall  ftep  towards  difcovering  the  effect  of 
pointed  bodies,  that  Carolus  Auguftus  van  Bergen,  profefior 
of  medicine  at  Frankfort  on  the  Oder,  obferved,  that  fparks 
taken  from  a  polifhed  body  were  ftronger  than  thofe  from  a 
rough  one.  He  could  fire  fpirits  eafily  with  a  polifhed  con¬ 
ductor,  but  with  difficulty,  by  means  of  one  not  polifhed. 

Ib.  The  power  of  points  to  throw  off  the  electric  fire  was 
communicated  to  Dr.  Franklin  by  his  friend  Mr.  Thomas 
Hopkinfon,  who  electrified  an  iron  ball  of  three  or  four  inches 
diameter  with  a  needle  fattened  to  it,  expelling  to  draw  a 
ttronger  (park  from  the  point,  as  from  a  kind  of  focus,  but 
was  furprifed  to  find  little  or  none.J 

174.  The  manner  in  which  Dr.  Franklin  firft  conceived  the 
practicability  of  drawing  lightning  from  the  clouds,  may  be 
feen  from  an  extract  which  he  has  given  us  from  his  memo¬ 
randums.  November  7th.  1749.  After  enumerating  all  the 
known  points  of  refemblance  between  lightning  and  electricity, 
he  concludes  with  faying,  “  The  eleCtric  fluid  is  attracted  by 
t(  points.  We  do  not  know  whether  this  property  is  in  light— 
**  ning,  but  fince  they  agree  in  all  the  particulars  wherein  we 
“  can  already  compare  them,  is  it  not  probable  that  they  agree 
“  likewife  in  this  ?  Let  the  experiment  be  made.”§ 

184.  Mr.  Wilcke,  in  his  remarks  on  Dr.  Franklin’s  let¬ 
ter,  fays,  that  on  the  20th  of  Auguft  1758,  he  faw  his  fup- 
pofition  verified j  as  he  was  viewing  a  large  fringed  cloud* 
firongly  electrified,  paffirg  over  a  foreft  of  tall  fir  trees.  The 

*  Gefchichte,  Vol.  3.  p.  528.  f  Ib.  Vol.  2.  p.  378.  t  Dr.  Franklin’s  Letters, 

New  Edition,  p.  5.  §  Ib.  p.  323. 
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ragged  and  depending  parts  of  the  large  cloud  were  firft  attrac¬ 
ted  lower,  and  then  fuddenly  rofe  higher,  and  joined  the  large 
cloud.* 

184.  He  was  alfo  an  eye  witnefsof  two  clouds  lying  one  over 
the  other,  approaching,  and  flashing  into  one  another.  The 
lightning  fpread  itfelf  over  all  the  parts  of  the  blacker  cloud, 
which  was  negative,  and  which  immediately  began  to  diflolve 
in  rain.-f* 

lb.  Professor  Winthorp  obferved  his  apparatus  to  be 
ftrongly  eledrified  for  feveral  hours,  while  the  fnow,  which 
fell  the  day  before  (and  which  had  not  eledrified  his  apparatus 
while  it  was  falling)  was  driven  about  by  a  high  wind.  This 
he  had  obferved  twice  before. ;£ 

20 7.  SiNce  the  publication  of  the  firft  edition  of  this  work, 
Mr.  Canton  has  hit  upon  another,  much  readier,  and  more 
powerful  method  of  communicating  eledricity  to  the  air  than 
that  defcribed  before.  This  he  gives  me  leave  to  publish,  and 
it  appears  to  me  to  be  of  fuch  a  nature,  as  that  it  may  very 
poffibly  lead  to  farther  difcoveries concerning  the  eledricity  ofthe 
atmofphere,  and  the  phenomena  depending  upon  it.  “  Take,” 
fays  he,  “  a  charged  phial  in  one  hand,  and  a  lighted  candle, 
“  infulated,  in  the  other  ;  and,  going  into  any  room,  bring 
<(  the  wire  of  the  phial  very  near  to  the  flame  of  the  candle,  and 
“  hold  it  there  about 'half  a  minute  :  then  carry  the  phial  and 
**  candle  out  of  the  room,  and  return  with  the  pith  balls, 
“  fufpended,  and  held  at  arms  length.  The  balls  will  begin 
to  feparate  on  entering  the  room,  and  will  ftand  an  inch 
ie  and 1  half,  or  two  inches,  apart,  when  brought  near  the 
(i  middle  of  it.” 

*  Page  551.  f  lb.  p.  259.  J  New  Edition  of  Franklin’s  Letters,  p.  434. 
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2ii.  Mr.  Lullin  fays,  he  produced  much  greater  effects 
than  thofe,  of  Dr.  Beccaria’s  glafs  guns  by  making  the  eleCtric 
fpark  vifible  in  oil  inftead  of  water .  Oil  being  a  much  worfe 
conductor,  the  fpark  in  it  would  be  larger.* 

240.  To  account  for  Mr.  Delaval’s  experiments,  Mr.  Canton 
fuppofes,  in  a  paper  read  to  the  Royal  Society  February  4, 
1762,  that  ftone,  tobacco-pipes,  wood,  &c.  will  conduCt 
when  cold  by  the  moiflure  they  contain  in  that  {late;  that 
where  their  moiflure  is  evaporated  by  heat  they  become  non¬ 
conductors  ;  and  that  when  they  are  made  very  hot,  the  hot 
air  at,  or  near  their  furfaces  will  conduct,  and  the  bodies  will 
appear  to  be  conductors  again. 

267.  The  Abbe  Nollet,  in  repeating  the  experiments  of 
Mr.  Symmer,  found,  that  it  was  not  abfolutely  neceflary,  that 
one  of  the  {lockings  {hould  be  black  ;  for  that,  if  one  of  them 
was  only  dipped  in  a  decoCtion  of  gall-nuts,  which  doth  not 
dye  them  black,  but  is  only  a  preparative  to  it,  it  would  have 
the  fame  effed.-f* 

272.  In  purfuance  of  the  lafl  mentioned  experiments  of 
M.  Symmer,  and  another  made  at  Pekin  (which  will  be  re¬ 
cited  prefently)  S.  Beccaria  made  the  following,  which  are  very 
curious ;  but  which,  after  the  example  of  the  author,  I  {hall 
relate  without  attempting  an  explanation. 

Having  charged  a  coated  plate  of  glafs,  he  flipped  the  coat¬ 
ing  from  off  the  negative  fide,  and  applied  another,  uncoated 
and  uncharged  plate  of  glafs  clofe  to  it.  After  this,  putting 
a  coating  upon  the  uncharged  glafs  (fo  that  the  whole  refemb- 
led  one  coated  plate,  con  filling  of  two  lamina)  he  formed  a 
communication  between  the  coatings.  The  confequence  was 
an  explofion,  and  a  cohefion  of  the  plates. 

*  Diflertatio  Phyfica,  p.  26.  f  Nollet’s  Lettres,  Vol.  3.  p.  42. 
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If  he  feparated  the  plates  before  the  explofion,  after  they 
had  been  in  conjunction  fome  time,  the  charged  plate  was  po¬ 
fitive  on  both  Tides,  and  the  uncharged  plate  negative  on  both 
tides.  But  if  he  feparated  them  after  the  explofion,  the  charg¬ 
ed  plate  was  negative  on  both  fides,  and  the  uncharged  plate 
pofitive  on  both  fides. 

If  after  the  explofion  he  feparated  and  joined  them  again 
alternately,  afmall  circle  of  paper,  placed  under  the  uncharged 
plate,  adhered  to  it  upon  every  feparation,  and  was  thrown  off 
again  upon  every  conjunction.  This  he  could  repeat  even  five 
hundred  times,  with  once  charging  the  plate.  This  was  the 
experiment  that  he  fays  was  made  by  fome  Jefuits  at  Pekin,  in 
the  year  1755,  and  being  fent  to  the  academy  of  fciences  at 
Peterfburgh,  was  published  in  their  memoirs,  Vol.  8.  p.  2 76. 

If,  in  thefe  experiments,  the  charged  plate  was  inverted, 
and  the  pofitive  fide  applied  to  the  uncharged  plate,  all  the  ef¬ 
fects  were  exactly  the  reverfe  of  the  former.  If  it  was  inverted 
ever  fo  often,  after  remaining  fome  time  in  contaCt  with  the  un¬ 
charged  glafs,  it  would  produce  a  change  in  the  electricity.  In 
the  dark,  a  light  was  always  feen  upon  the  feparation  of  thefe 
plates. 

Laying  the  two  plates  together  like  one  plate,  and  coating 
the  outfides  of  them,  he  charged  them  both  together,  and,  at 
the  difiance  of  about  four  feet,  he  difiinguifiied  fix  of  the  co~ 
hared  rings ,  which  Newton  defcribes  in  his  book  of  Optics, 
all  parallel  to  another,  and  nearly  parallel  to  the  edge  of  the 
coating.  At  the  angles  of  the  coatings  the  rings  fpread  to  a 
greater  diftance  where  the  coatings  did  not  quite  touch  the 
glafs,  the  rings  bent  inwards ;  and  where  the  coatings  adhered 
very  clofe,  they  retired  farther  from  them.  Upon  difcharging 
thofe  two  plates,  the  coloured  rings  vanifihed,  and  the  eleCtric 
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cohefion  (which  Mr.  Symmer  had  obferved  in  this  cafe)  ceafed 
with  them. 

Upon  feparating  thefe  plates  before  the  explofion,  that  which 
had  received  the  pofitive  electricity  was  pofitive  on  both  fides, 
and  the  other  negative  on  both  fides.  If  they  were  feparated 
after  the  explofion,  each  of  them  (as  in  the  former  experiment) 
was  affeCted  in  a  manner  juft  the  reverfe  of  this.  Upon  inver¬ 
ting  thefe  plates,  that  which  was  the  thinner  appeared  to  be 
poifefied  of  the  ftronger  electricity,  and  (like  the  charged  plate 
in  the  former  experiment)  brought  the  other  to  correfpend 
to  it. 

Charging  the  two  plates  feparately,  and  taking  off  two  of 
the  coatings,  fo  as  to  place  the  two  pofitive  or  the  two  nega¬ 
tive  fides  together,  there  was  no  cohefion  or  explofion.  But 
joining  a  pofitive  and  a  negative  fide,  they  cohered,  and  a  com¬ 
munication  being  formed  on  the  outfides,  there  was  an  explofi¬ 
on,  which  increafed  the  cohefion.  Making  the  abovemention- 
ed  experiments  with  thefe  plates,  he  fays,  they  aCted  juft  as  two 
that  were  charged  at  the  fame  time.* 

288.  Mr.  Hartman  of  Hanover  has  publiihed  an  account 
of  a  curious  experiment,  which  feems  to  fhow  the  progreffive 
motion  of  the  electrical  explofion.  He  pafies  a  Ihock  through 
a  great  number  of  cannon  balls,  fometimes  to  the  number  of  40, 
placed  near  one  another  uprn  fmall  drinking  glafles  5.  when 
all  the  fparks,Jie  fays,  are  feen  at  the  fame  moment  of  time,  and 
all  the  fnappings  make  but  one  report ;  that  when  he  fubftitutes 
eggs  inftead  of  balls  of  metal,  the  progrefs  of  the  explofion  is 
vifible,  every  two  giving  a  fnap  and  a  fiafti  feparately.  This 
experiment  requires  weather  very  favourable  to  electricity,  and, 
he  fays,  has  generally  fucceeded  the  beft  with  only  ten  or  twelve 
eggs.+ 

*  Philofophical  Tranfaftions,  Vol,  57.  p.458.  t  Abhandlung,  p.  58,  &c. 
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A  very  ingenious  experiment  has  alfo  been  made  by  Ama- 
beus  Lullin  of  Geneva,  in  order  to  afcertain  the  direction  of  the 
electric  fluid  in  exploflons,  and  which  he  thinks  comes  nearer 
to  the  experimentum  crucis  than  any  other.  He  placed  a  com¬ 
mon  card  in  the  circuit  of  the  electrical  explofion,  while  the 
wire  which  communicated  with  the  pofitive  fide  of  the  jar 
lay  on  one  fide  of  it,  and  that  which  communicated  with  the 
negative  fide  lay  on  the  other  their  extremities  not  being 
placed  oppofite  to  one  another,  but  at  fome  diftance.  Things 
being  thus  circumftanced,  he  oblerved,  that  upon  making  the 
difcharge,  the  card  was  conflantly  pierced  clofe  to  the  extre¬ 
mity  of  the  wire  which  communicated  with  the  negative  fide  of 
the  jar,  as  if  the  eleCtric  fluid,  rufhing  from  the  pofitive  of  the 
jar  into  the  wire  which  communicated  with  it,  and  ifluing 
from  the  extremity  of  it,  was  driven  by  its  own  impulle  along 
the  furface  of  the  card,  and  did  not  pierce  it,  till  it  came  op¬ 
pofite  to  the  extremity  of  the  other  wire,  which  communicated 
with  the  negative  fide,  by  which  it  was  ftrongly  attracted.* 

294..  Mr.  Wilcke  fays,  that,  if  a  fmall  piece  of  metal  be 
hung  in  a  filken  firing,  oppofite  to  a  part  of  a  glafs  jar,  made 
thin  for  that  purpofe  ;  upon  the  fpontaneous  difcharge  through 
that  place,  the  piece  of  metal  will  be  driven  off  to  the  diftance 
of  5  or  6  inches.-f- 

295.  Violently  as  the  eleCtric  explofion  generally  affeCls 
the  human  body,  we  have  accounts  of  fome  perfons  who  could 
not  be  made  to  feel  it  5  particularly  three  or  four  mentioned  by 
Mr.  Mufchenbroek,  among  whom  was  a  young  woman. J  I 
have  alfo  been  told,  that  this  was  the  cafe  with  a  perfon  near 
Leeds,  who  was  at  the  fame  time  a  little  paralytic. 

*  Diflertatio  Phyfica,  p.  24.  +  Remarks  on  Franklin’s  Letters,  p.  26$. 

t  Monthly  Review,  October  1767,  p.  250. 
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296.  Mr.  Lullin  found,  that  a  glafs  tube  charged,  and 
hermetically  fealed,  would  fhow  figns  of  electricity  when  it 
was  heated.* 

312.  Signior  Beccaria  produced  a  mofi  beautiful 
appearance  of  eleCtric  light  in  the  following  manner.  He  con¬ 
veyed  pofitive  electricity  to  a  brafs  ball,  fufpended  by  a  wire, 
within  an  exhaufted  receiver ;  when,  upon  prefenting  to  it 
another  ball  in  vacuo,  the  lower  hemifphere  of  the  former  was 
moft  beautifully  illuminated,  with  a  vifible  eleCtric  atmofphere. 
When  he  conveyed  negative  electricity  to  the  ball,  the  fame 
beautiful  illumination  was  obferved  on  the  ball  prefented  to  it. 
This  experiment,  he  fays,  is  a  very  delicate  one,  requiring 
great  patience  and  dexterity,  in  adjufting  the  diftances,  &c.  in 
order  to  make  it  fucceed  perfeCtly.-f* 

313.  I  shall  clofe  this  feCtion  of  experiments  and  obferva- 
tions  on  eleCtric  light,  with  an  account  of  a  remarkable  appear¬ 
ance  which  occured  to  Mr.  Hartman.  When  he  had  been 
making  experiments  four  or  five  hours  together,  in  a  fmall 
room,  and  going  out  of  it,  and  returned  foon,  with  a  lighted 
candle  in  his  hand,  walking  pretty  fwiftly  ;  he  perceived  a  fmall 
flame  to  follow  him,  at  the  diftance  of  about  a  ftep  and  a  half, 
but  it  vanished  when  he  flopped  to  examine  it.  He  was  a 
good  deal  alarmed  at  the  appearance  at  firft,  but  afterwards 
imagined  it  to  be  occafioned  by  the  accenfion  of  the  fulphur, 
which  had  been  thrown  into  the  air  by  the  violent  continued 
electrification.  J 

351.  I  must  introduce  in  this  place  a  very  curious  experi¬ 
ment  and  obfervation  of  Mr.  Lullin,  concerning  the  production 


t 


Phil.  Tranf.  Vol.  56.  p.  107. 
P*  1 35* 


c 


J  Abhandlung, 


of 


*  Diflertatio  Phy/ica,  p.  32. 


THE  HISTORY. 


18 

of  eledtricity  in  the  clouds.  He  made  a  long  infulated  pole 
projedt  from  the  fide  of  one  of  the  Alps ;  and,  on  the  29th  of 
June  1766,  obferved,  that  when  fmall  clouds  of  vapour,  raifed 
by  the  heat  of  the  fun,  rofe  near  the  foot  of  the  mountain,  and 
afcended  along  the  fide  of  it ;  if  they  touched  the  extremity  of 
the  pole  only,  it  was  electrified  ;  but  if  the  whole  pole,  and 
confequently  part  of  the  hill  on  which  it  flood,  was  likewife 
involved,  it  was  not  electrified.  From  this  he  concludes, 
that  the  eledtricity  of  the  clouds  is  produced  by  their  palling 
through  the  air  while  the  fun  fliines  upon  them.  But  to 
which  of  thele  two  circumflances,  namely,  the  motion  through 
the  air,  or  the  adlion  of  the  fun’s  rays  this  was  owing,  he  could 
not  determine,  though  he  made  feveral  experiments  for  that 
purpofe.* 

379.  Mr.  Wilcke  relates  a  very  remarkable  appearance 
which  occured  to  himfelf,  and  which  flrongly  confirms 
his  fuppofition  concerning  the  caufe  of  hurricanes.  On 
the  20th  of  July  1758,  at  three  o’clock  in  the  afternoon, 
he  obferved  a  great  quantity  of  duft  rifing  from  the  ground, 
and  covering  a  field,  and  part  of  the  town  in  which  he  then 
was.  There  was  no  wind,  and  the  duft  moved  gently  to¬ 
wards  the  Eaft,  where  there  appeared  a  great  black  cloud  ; 
which,  when  it  was  near  his  zenith,  eledtrified  his  apparatus 
pofitively,  and  to  as  great  a  degree  as  ever  he  had  obferved  it 
to  be  done  by  natural  eledlricity.  This  cloud  paffedhis  zenith, 
and  went  gradually  towards  the  Weft,  the  duft  then  following 
it,  and  continuing  to  rife  higher  and  higher  till  it  compofed  a  thick 
pillar,  in  the  form  of  a  fugar-loaf,  and  at  length  feemed  to  be  in 
contadt  with  the  cloud.  At  fome  diftance  from  this,  there 
came,  in  the  fame  path,  another  great  cloud,  together  with  a 


*  Differtatio  Phyfica,  p.  42. 
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long  ftream  of  fmaller  clouds,  moving  falter  than  the  preced¬ 
ing.  Thefe  clouds  electrified  his  apparatus  negatively  ;  and 
when  they  came  near  the  pofitive  cloud,  a  flafh  of  lightning 
was  feen  to  dart  through  the  cloud  of  duft,  the  pofitive  cloud, 
the  large  negative  cloud,  and  as  far  as  the  eye  could  diftinguifh, 
the  whole  train  of  fmaller  negative  clouds  which  followed  it. 
Upon  this,  the  negative  clouds  fpread  very  much,  and  difiolved 
in  rain,  and  the  air  was  prefently  clear  of  all  the  dull.  The 
whole  appearance  lafled  not  above  half  an  hour.* 

391.  Mr.  Hartman  is  of  opinion  that  electricity  is  the 
caufe  of  earthquakes,  and  gives  a  fuccinCt  enumeration  of  all 
the  circumftances  which  favour  this  hypothefis.-f* 

408.  The  firft  account  I  have  met  with  of  the  application 
of  electricity  to  medical  purpofes  is  of  Mr.  C.  Kratzenltein, 
profefifor  of  medicine  at  Halle  ;  who,  in  the  year  1744,  cured 
a  woman  of  a  contracted  little  finger  in  a  quarter  of  an  hour. 
He  alfo  fo  far  relieved  a  perfon  whohad  two  lame  fingers,  by  once 
electrifying  them,  that  he  could  play  upon  the  harpfichord, 
which  he  had  before  been  difabled  from  doing.  He  alfo  ob- 
ferved,  that  a  man’s  pulfe,  which  had  beat  80  in  a  fecond  be¬ 
fore  he  was  electrified,  immediately  after  beat  88,  and  was  pre¬ 
fently  increafed  to  96.  J 

41 1.  Dr.  Edward  Spry  relates  a  complete  cure  which  he 
made  of  a  locked  jaw  and  paralyfis,  in  the  cafe  of  a  girl  of  18 
years  of  age.  Small  fhocks  were  given  to  the  mufcles  particu¬ 
larly  affeCted. § 

429.  I  must  not  omit  to  mention,  in  this  chapter  of  Mil- 
cellaneous  Experiments,  what  the  Dutch  writers  have  reported 

*  Remarks  on  Dr.  Franklin’s  Letters,  p.  348.  f  Abhandlung,  p.  148. 

X  Gefchichte,  Vol.  1.  p.  294.  §  Phil.  Tranf.  Vol.  57.  p.  88. 
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concerning  the  gymnotus,  a  fifh  peculiar  to  Surinam,  which 
very  much  refembles  what  naturalifls  rel  te  concerning  the 
torpedo.  Mr.  Mufchenbroeck  fays,  the  gymnotus  is  poffeffed 
of  a  kind  of  natural  electricity,  but  different  from  the  common 
electricity,  in  that  perfons  who  touch  it  in  water  are  fhocked> 
and  ftunned  by  it,  fo  as  to  be  in  danger  of  drowning.  The  fifh 
has  been  taken,  and  put  into  a  veffel  •,  when  experiments  were 
made  upon  it  at  leifure  and  it  was  found,  that  it  might  be 
touched  with  all  fafety  with  a  flick  of  fealing  wax  •,  but  if  it 
was  touched  with  a  naked  finger,  or  with  a  piece  of  metal, 
and  efpecially  a  gold  ring  held  in  the  fingers,  the  arm  was 
fhocked  as  high  as  the  elbow.  If  it  was  touched  with  the  foot, 
the  fenfation  reached  as  high  as  the  knee,  and  the  pain  was  as 
great,  as  if  the  part  had  been  ffruck  with  fomething  hard. 
This  kind  of  eleClricity  is  the  fame  by  night  or  day,  when  the 
wind  is  in  every  direction,  when  the  fifh  was  put  in  veffels  of 
any  materials,  and  whether  it  was  in  water,  or  out  of  water. 
Every  part  of  the  body  of  the  fifh  is  capable  of  giving  this 
fhock,  but  more  efpecially  the  tail.  The  fenfation  is  the 
ftrongeft  when  the  fifh  is  in  motion,  and  it  is  tranfmitted  to 
a  great  diflance ;  fo  that  if  perfons  in  a  fhip  happen  to  dip 
their  fingers  or  feet  in  the  fea,  when  the  fifh  is  fwimming  at  the 
diflance  of  fifteen  feet  from  them,  they  are  affeCted  by  it.  Other 
fifhes,  put  into  the  fame  veffel  with  it,  prefently  die ;  but  it  is 
itfelf  killed  by  the  lobfter.  The  gymnotus  is  found  in  the  up¬ 
per  part  of  the  river  of  Surinam,  particularly  the  rocky  part  of 
it.  It  feeds  upon  all  kinds  of  fifh,  and  will  even  eat  bread. 
This  author  prcpofes  as  a  query,  whether  the  fenfation  commu¬ 
nicated  by  the  torpedo  doss  not  depend  upon  a  fimilar  electri¬ 
city  j  fince  Mr.  Reaumur  fays,  that  when  it  is  touched,  the 
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hand,  arm,  and  fhoulder  are  feized  with  a  fudden  flupor,  which 
lafls  for  fome  time,  and  is  unlike  any  other  fenfation.* 

This  gymnotus,  I  fuppole,  is  a  different  fifh  from  the  an- 
guille  tremblante ,  the  trembling  eel,  which  is  alfo  a  native  of  Su¬ 
rinam,  and  lives  in  marfhy  places,  from  whence  it  cannot  be 
drawn,  except  when  it  is  intoxicated.  It  cannot  be  touched 
with  the  hand,  or  with  a  flick,  without  feeling  a  terrible  flun, 
which  reaches  as  high  as  the  fhoulder.  If  it  be  trod  upon 
with  fhoes,  the  legs  and  thighs  are  affedted  in  a  fimilar  manner. 
Fourteen  perfons  joining  hands,  and  the  firfl  of  them  touching 
it  with  a  flick,  they  were  all  fhocked  violently.  It  is  conjec¬ 
tured  that  this  power  of  giving  a  fhock  refides  in  two  mufcles, 
which  are  particularly  prominent  and  confpicuous.'f* 

It  is  to  be  regretted,  that  none  of  the  perfons  who  have 
.  made  experiments  on  thefe  fifhes,  fhould  have  endeavoured  to 
afcertain  whether  they  were  capable  of  exhibiting  the  pheno¬ 
mena  of  attraction  and  repultion,  or  the  appearance  of  eleCtric 
light,  as  experiments  of  this  kind  are  of  principal  confequence, 
and  mufl  have  been  very  eafy  to  make. 

430.  With  refpedt  to  the  power  of  points,  it  has  been  obferved 
by  Mr.  Villette  of  Liege,  that  a  needle,  concealed  in  a  glafs 
tube,  which  projected  an  inch  beyond  it,  took  a  flronger  fpark 
from  a  prime  conductor  than  a  man’s  finger ;  alfo  that  when 
the  points  of  needles  are  covered  with  tallow,  bees  wax,  ful- 
phur,  &c.  they  take  peculiarly  flrong  fparks.  He  adds,  that 
when  fulphur  is  ufed,  and  the  fparks  are  taken  obliquely,:  they 
are  fometimes  of  a  beautiful  citron  colour.  J 

•  Mufchenbroeck’s  Introduttio  ad  Philofophiam  Naturalem,  No.  901 — 909.  +  Phi¬ 

lippe  Fermin’s  Natural  Hiftory  ofSurinam,  p.  59.  t  Nollet’s  Letters,  Vol.  3. 

p.  212. 
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430.  Mr.  Lullin  has  made  an  additional  obfervation  to 
Mr.  De  Faye’s,  concerning  the  different  manner  in  which 
condudting  and  non-condudting  fubftances  are  affedted,  when 
they  are  expofed  to  the  dew.  He  fays,  that  if  a  plate  of  glafs 
be  extended  upon  filken  threads,  and  expofed  to  the  open  air 
all  night,  and  a  plate  of  metal^  lefs  than  the  glafs,  be  laid 
upon  it,  in  the  morning,  the  metal  will  be  dry  and  likewife 
the  glafs,  on  both  fides,  exactly  under  the  metal ;  but  that 
the  edges  of  the  glafs,  where  the  metal  did  not  reach,  will  be 
wet  on  both  fides. * 

464.  According  to  Mr.  Wilcke,  bodies  which  have  too 
great  a  proportion  either  of  the  eledtric  fluid,  or  of  their  pro¬ 
per  conftituent  matter,  muff  avoid  one  another.  In  the  former 
cafe,  by  the  repulfion  of  the  eledtric  fluid,  in  the  latter,  by  the 
repulfion  of  the  conftituent  parts  of  the  bodies. 

488.  Is  not  the  eledtric  matter  the  fame  with,  or  at  leaft  hath 
it  not,  fome  near  relation  to  that  luminous  matter  which  forms 
the  folar  atmofphere,  and  produces  the  phenomenon  called  the 
zodiacal-light ;  which  is  thrown  off  principally,  and  to  the 
greateft  diflance,  from  the  equatorial  parts  of  the  fun,  in  con¬ 
sequence  of  his  rotation  on  his  axis,  extending  vifibly  in  the 
form  of  a  luminous  pyramid,  as  far  as  the  orbit  of  the  earth, 
and  which,  according  to  Mr.  De  Mairan’s  ingenious,  and  at 
leaft,  plaufible  hypothefis,  falling  into  the  upper  regions  of  our 
atmofphere,  is  colledted  chiefly  towards  the  polar  parts  of  the 
earth,  in  confequence  of  the  diurnal  revolution,  where  it  forms 
the  aurora  borealis  ? 

Qu.  May  not  the  fun  be  the  fountain  of  the  eledtric  fluid  ; 
and  the  zodiacal-light,  the  tails  of  comets,  the  aurora  borealis, 

1  '  .  .i  * 

*  DifTertatio  Phyfica,  p.  54. 
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lightning,  and  artificial  electricity,  be  its  various,  and  not  very 
difiimilar  modifications’?* 

48 8.  Qu.  Did  not  the  fulphureous  fmell  draw  our  attention 
towards  the  vitriolic  acid,  the  peculiar  hiding  noife  accompany¬ 
ing  the  eleCtric  blaft,  fpontaneoufly  ifluing,  for  indance,  from 
the  pointed  wire  of  a  fully  charged  phial,  appears  rather  to 
mimic  the  explofive  aCtion  of  dedagrating  nitre ;  and  may  ac¬ 
cordingly,  without  much  violence,  be  fuppofed  to  arife 
from  the  nitrous  aerial  acid,  violently  commendruating  with 
the  phlogidon,  which  it  either  meets  with  in  the  air,  or  which 
is  conveyed  to  it  by  the  electrified  body  ?  Or  were  we  to 
adopt  the  hypothefis  of  two  didinCt  electrified  fluids,  we  might, 
by  way  of  temperament,  propofe  as  a  query,  whether  the  ni¬ 
trous  acid,  &c.  may  not  be  the  condant  concomitant  of  thole 
explofive  pencils  of  light,  which  are  obferved  to  dart  from  the 
points  of  bodies  replete  with  vitreous  electricity;  while  the 
filent  and  languid  luminous  fpecks  (refembling  the  fmall  tip  of 
a  lighted  match)  appearing  on  the  extremities  of  bodies 
endued  with  a  refinous  electricity,  may  as  probably  indicate  the 
accenfion  of  a  fulphureous  matter,  and  confequently  the  pre¬ 
fence  of  the  vitriolic  acid,  the  eleCtric  fpark  of  explofion,  ap¬ 
pearing  on  the  approach  of  the  two  bodies,  being  confldered  as 
the  effeCt  at  had,  in  part  of  the  mendrual  aCtion  of  thefe  two 
acids  on  each  other,  &c.*j* 

493.  Mr.  Wilcke  fuppofes,  that  when  one  plate  of  glafs 
is  charged  by  the  very  fame  eleCtric  matter  which  has  been 
expelled  in  charging  another  plate,  only  part  of  that  which  is 
expelled  from  the  former  can  enter  the  fubdance  of  the  latter ; 
becaufe  part  mud  remain  upon  the  wire,  the  coating,  &c.  and 

*  Monthly  Review,  O&ober  1767,  p.  353.  f  lb.  December  1767,  p.  458. 
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fome  muft  be  loft.  For  the  fame  reafon,  only  part  of  that 
which  is  expelled  from  the  fecond  can  enter  the  third,  fo  that 
a  very  remote  jar  will  not  be  charged  at  all.* 

498.  Mr.  Wilcke  fuppofes  the  air  to  contract  its  eledtri- 
city,  in  the  fame  manner  as  fulphur  and  other  fubftances  do, 
when  they  are  heated  and  cooled  in  contact  with  various  bodies. 
Thus 'the  air,  being  heated  or  cooled  in  the  neighbourhood  of 
the  earth,  gives  eledtricity  .to  the  earth,  or  takes  from  it  j  and 
the  eledlrified  air,  being  conveyed  upwards,  by  various  means, 
communicates  its  eledlricity  to  them.’f* 

lb.  Supposing  earthquakes  to  be  caufed  by  the  difcharge  of 
a  redundant  eledtricity  from  the  furface  of  the  earth,  might 
they  not  be  prevented,  in  countries  fubjedt  to  them,  by  kites 
conftantly  flying  very  high,  with  wires  in  the  firings,  fo  as  to 
promote  an  eafy  communication  between  the  earth  and  the 
upper  regions  of  the  atmofphere  ? 

The  machine  reprefented  in  plate  the  8th,  is  conffrudted  on  the 
fame  general  principles  with  the  lafl: ;  it  is  inferior  to  it  in  one  re- 
fpedt,  that  it  admits  only  of  globes  or  cylinders  with  one  neck, 
but  thefe  are  far  preferable  to  any  other,  and  it  is  much  more  com¬ 
modious  for  ufe,  as  it  does  not  require  any  ftrong  table  like  the 
other.  Itconfifts  of  a  pillar  of  mahogany  (a)  Handing  upright 
on  three  feet,  this  pillar  divides  in  two  places  to  receive  a  wheel 
(b)  in  the  lower  part  of  it,  and  in  the  upper  part  a  pulley  (c),- 
which  is  turned  by  a  leathern  ftrap  (, d ),  tightened  by  means  of  a 
fmall  buckle ;  in  the  center  of  the  pulley  is  a  flrong  iron  fprin- 
die,  turning  in  two  firm  brafs  fockets  fattened  to  each  fide  of  the 
pillar.  In  one  of  thefe  fockets  the  extremity  of  the  fpindle 
turns  upon  a  center,  by  means  of  a  piece  of  iron  ( e )  fere  wed 

*  Remarks  on  Dr.  Franklin’s  Letters,  p.  351.  f  lb.  p.  302. 
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into  it,  while  the  other  is  held  tight  by  a  brafs  clafp,  which 
may  be  made  to  hold  it  clofer  or  more  loofely  at  pleafure,  by 
means  of  a  fcrew  (f).  The  iron  fpindle  is  made  hollow  in  the 
form  of  a  parallelopiped,  in  order  to  receive  a  piece  of  brafs  or 
iron,  in  which  the  brafs  cap  that  holds  the  globe  (g)  terminates. 
Thefe  are  exactly  fitted  to  one  another,  and  by  this  means  any 
globe  may  be  taken  out,  and  another  put  into  the  machine  with 
very  little  trouble,  if  thefe  parts  be  always  made  to  the  fame 
patterns. — The  rubber  (£)  is  feparated  from  the  fpring  (/)  by  a 
plate  of  glafs  (j),  which  effectually  infulates  it,  but  the  chain 
(/£)  connects  them  together,  when  pofitive  electricity  is  wanted, 
as  in  the  ufual  method  of  electrifying.  The  fpring  may  be 
made  to  prefs  more  or  lefs  by  means  of  a  fcrew  (/),  and  it  may 
be  raifed  higher  or  lower  to  fuit  globes  of  different  fizes,  by 
means  of  a  contrivance  which  is  not  reprefented  in  the  plate. 
The  prime  conductor  (/»,  ny  o,)  is  the  fame  as  in  plate  the  7th. 
From  the  fame  board  which  fupports  it  arifes  another  pillar,  at 
the  top  of  which  is  Mr.  Lane’s  electrometer,  the  nob  of  which 
(y>)  may  be  placed  as  near  to  the  nob  oppofite  to  it  on  the  prime 
conductor  (y)  as  is  defired,  by  means  of  the  graduated  part  (r). 
But  the  whole  of  this  may  be  taken  away  when  it  is  not  wanted. 
When  negative  electricity  is  defired,  the  chain  (/£)  muft  be  re¬ 
moved  from  the  rubber,  and  hung  upon  the  prime  conductor, 
fo  as  to  connect  it  with  the  table  ;  and  a  fhort  brafs  rod,  with 
a  nob  at  the  end  of  it,  muft  be  ferewed  into  a  fmall  focket, 
which  will  be  found  in  the  rubber  above  the  plate  of  glals. 
This  brafs  rod  will  then  ferve  for  a  negative  prime  conductor ; 
for  in  this  fituation,  when  the  wheel  of  the  machine  is  turned, 
this  rod  being  infulated  (together  with  the  rubber  through  which 
all  the  electric  fire  paffes  to  the  globe)  will  receive  fparks  from 
whatever  is  prefented  to  it,  and  therefore  electrify  negatively. 

D  As 
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As  it  requires  Tome  dexterity  and  experience  to  turn  the  ma¬ 
chine  {landing  on  three  feet  only  without  fhaking  it,  fmall 
plates  of  brafs,  upon  which  the  edges  of  heavy  weights  made 
of  lead  or  iron  may  be  placed,  are  faftened  to  two  of  them ; 
but  a  large  board  may  be  firmly  fcrewed  under  all  the  feet, 
or  various  other  methods  may  be  ufed,  whereby  the  pillar,  which 
fupports  the  machine,  may  fiand  as  firm  as  a  perfon  choofes. 

522.  Mr.  Lane’s  electrometer  confifts  of  a  brafs  rod  fur- 
nifhed  with  a  knob,  which,  by  means  of  a  fine  fcrew,  may 
be  fixed  at  any  diftance  from  the  prime  conductor,  or  any  other 
fixed  body  communicating  with  the  infide  of  ajar  or  battery. 
In  confequence  of  this,  the  jar  or  battery,  with  which  it  is 
connected,  can  be  charged  no  higher  than  the  diftance  at  which 
thofe  fixed  bodies  are  placed  will  permit,  for  at  that  height  of 
the  charge,  the  explofion  will  always  be  made  between  them.* 

523.  To  make  experiments  with  lightning  in  perfect  fafety, 
the  electrified  wire  Ihould  be  brought  within  a  few  inches  of  a 
conducting  rod,  that  ferves  to  guard  the  houfe,  that  the  re¬ 
dundant  eledricity  may  pafs  that  way,  without  flriking  any 
perfon  that  may  happen  to  fiand  near  it.  The  conductor  to 
guard  the  houfe  fiiould  confift  of  one  rod,  between  one  fourth 
and  one  half  of  an  inch  thick,  if  it  be  of  iron,  but  fmaller  if 
it  be  brafs  or  copper,  terminating  upwards  in  a  fharp  point, 
about  four  or  five  feet  above  the  higheft  part  of  the  building ; 
and  below,  it  fhould,  if  poflible,  be  continued  to  fome  well 
or  running  water.  Otherwife  it  fhould  be  funk  feveral  feet 
into  the  ground,  at  the  diftance  of  fome  yards  from  the  build- 
ing.  It  is  of  no  confequence  whether  this  conducting  rod  be 

*  See  M‘Lane’s  more  particular  defeription  of  this  ufeful  inftrument,  Phil.  TranC 

Vol.  57.  p.  451. 


faftened 


OF  ELECTRICITY.  27 

fattened  on  the  infide,  or  outfide  of  the  houfe,  or  how  many 
bendings  are  made  in  it. 

524.  Mr.  Hartman,  in  theconftruCtion  of  his  apparatus  for 
obferving  the  electricity  of  the  atmolphere  with  fafety,  makes 
ufe  of  long  filken  firings  to  fupport  his  metallic  rod.  Thefe, 
therefore,  require  a  large  fhed,  fattened  to  the  rod  above 
them,  to  keep  them  dry.  And  left  the  rain  that  falls  upon  this 
fhed  fhould  carry  off  all  the  electricity,  he  makes  a  channel 
all  round,  which  receives  the  rain  ;  and  thence  he  conveys  it, 
under  the  fhed,  into  an  infulated  receptacle.*  But  I  cannot 
help  thinking  this  complex  apparatus  unneceffary,  efpecially  if 
a  folid  flick  of  glafs  and  fmall  cover  be  ufed,  inftead  of  the 
filken  firings  and  large  fhed. 

536.  It  has  been  the  cuftom  of  many  electricians  to  line  their 
globes  with  fealing-wax,  or  fome  other  eleCtric  fubftance,  in 
order  to  make  them  aCt  with  more  eafe  and  vigour.  M.  C.  L. 
Epinaffe  gives  the  following  receipt  for  an  eleCtric  compofition 
for  this  purpofe.  Take  41b.  of  Venice  turpentine,  1  lb.  of  rofin 
and  lib.  of  bees-wax.  Boil  thefe  over  a  gentle  fire’,  ftirring 
them  now  and  then,  for  4  hours  at  the  end  of  which  ftir  in 
a  quarter  of  a  pound  of  vermillion.  Then  a  little  of  the  mix¬ 
ture  being  taken  out  and  left  to  cool,  will  be  hard  and  brittle, 
a  token  that  it  is  fit  for  ule.  Having  well  heated  your  globe 
or  cylinder,  pour  the  melted  mixture  into  it,  and  turn  it  about, 
fo  as  to  fpread  it  evenly  over  the  infide  furface,  to  the  thick - 
nefs  of  a  fixpence,  and  let  it  cool  very  gradually. 

.  I  make  no  doubt  but  that  this  eleCtric  lining  is  ufeful  in 
fome  cafes,  as  it  was  remarkably  in  two  large  globes  of  my 
own,  the  hiftory  of  which  I  have  given  p.  585,  but  in  the 
cafe  of  fmall  globes,  I  cannot  help  thinking  that  Mr.  L.  Epi- 
nafle  expeCts  too  much  from  it.'f* 

*  Anmerkungen,  &c.  p.  38.  +  Phil.  Tranf.  Vol.  57.  p.  186. 
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546.  Mr.  Wilcke  was  {truck  down  fenfelefs,  by  acciden¬ 
tally  receiving,  from  his  head  to  his  feet,  the  charge  of  a  large 
chemical  receiver.  He  thought,  that  if  he  had  received  a 
fhock  five  times  as  large,  he  fhould  never  have  written  the  ac¬ 
count  of  it.* 

558.  If  the  eleCtric  {parks  be  taken  from  a  brafs  ball,  at  the 
extremity  of  a  long  brafs  rod,  inferted  into  the  prime  con¬ 
ductor,  they  will  often  be  leveral  inches  long,  and  iflue  in  a  great 
variety  of  crooked  directions,  exaCtly  refembling  the  courfe  of 
lightning,  and  exhibiting  a  very  amufing  fpeCtacle.  A  friend 
of  Dr.  Franklin’s  fuppofes,  that  the  fpark  is  thrown  out  of  a 
flrait  courfe  by  the  denfity  of  the  air,  increafed  by  the  aCtion 
and  re-aCtion  of  the  two  fluids,  which  are  repulfive  of  one 
another. -f* 

559.  The  Abbe  Nollet  has  taken  a  great  deal  of  pains  to 
make  the  appearance  of  letters,  and  other  figures,  by  means  of 
eleCtric  fparks,  and  as  it  is  impoflible  to  make  the  fparks  follow 
one  another  in  a  complete  circle,  on  the  fame  fide  of  any  flat 
furface,  he  makes  ufe  of  plates  of  glafs,  and  places  one  half  of 
the  circle,  &c.  on  one  fide  of  the  plate,  and  the  other  half  on 
the  other  fide,  connecting  the  pieces  that  are  nearefl:  one  another, 
but  on  different  fides  of  the  glafs,  by  wires  brought  round  it.J 
The  defeription  would  be  too  tedious  for  this  place,  but  the 
execution  will  be  very  eafy,  to  any  perfon  who  has  but  a  little 
knowledge  of  electricity. 

563.  Dr.  Franklin  ftruck  the  fix  men  down  with  two 
of  his  large  jars  (each  containing  about  fix  gallons)  not  fully 
charged  «§ 

*  Remarks  cm  Franklin’s  Letters,  p  302.  f  Franklin’s  Lcters,  New  Edition,  p.  16;. 

t  Lettres,  Vol.  3.  p,  281.  §  Franklin’s  Letters,  New  Edition,  p  324. 
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601.  1"  Have  found  that  the  fuppofition  of  mephitic  air  being 
JL  a  non -conductor  was  juft.  A  charged  phial  may  be 
dipped  into  a  body  of  mephitic  air,  refting  on  the  furface  of  a 
fermenting  vat,  without  being  difcharged.  If  two  equal  phials, 
however,  be  equally  charged,  at  the  fame  time,  and  one  of  them 
be  plunged  into  the  mephitic  air,  and  the  other  kept  out  of  it; 
the  latter  will  always  retain  the  charge  longer  than  the  former, 
which  will  fometimes  retain  it  but  a  very  fhort  time  ;  owing, 
as  1  fuppole,  to  the  moiflure,  which  is  readily  abforbed  by  the 
mephitic  air.  This  circumftance  accounts  for  the  ambiguity 
of  my  former  experiments.  I,  alfo,  found  inflammable  air  to , 
be  the  fame  as  common,  or  mephitic  air,  with  refpeCt  to  the 
power  of  conducing  eledtricitv. 

616.  Other  perfons,  I  find,  have  made  experiments,  which 
(how  how  imperfeCt  a  conductor  oil  is.  The  following  proofs 
of  this  are  exceeding  curious  and  pleafing.  Mr.  Cigna,  Dr. 
of  Medicine  in  Turin,  obferved  eleCtrical  attraction  and  repullion 
between  conducting  fubftances  plunged  in  oil.* 


Mr, 


*  Nollet’s  Letters,  Vol  3.  p.  i58« 
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Mr.  Villette,  optician  at  Liege,  filled  a  difii  of  metal 
with  oil,  and  when  he  had  electrified  the  difh,  he  plunged  a 
needle  into  the  oil,  and  received  a  firong  fpark  as  foon  as  the 
point  of  it  came  within  a  fmall  diftance  of  the  difh.  A  fmall 
cork  ball  being  made  to  fwim  in  this  oil,  upon  the  approach 
of  the  thicker  end  of  the  ftalk  of  a  lime,  plunged  to  the  bot¬ 
tom,  and  immediately  rofe  again  to  the  top.* 

618.  I  find  that  Mr.  Boze,  very  early,  thought  it  was  eafy 
to  diflinguilh  the  ores  of  metals  from  other  earthy  fubftances, 
by  means  of  their  greater  conducting  power. •f* 

669.  To  account  for  the  formation  of  the  concentric  circles, 
nothing  feems  to  be  necefiary,  but  the  fuppofition  of  the  elas¬ 
ticity  of  the  eleCtric  fluid,  whereby  its  particles  repel  one  an¬ 
other.  For  then,  fuppofing  a  quantity  of  eleCtric  matter  to 
iflue  from  one  piece  of  metal  to  another,  through  the  air,  it 
will  endeavour  to  fpread,  but  will  be  confined  in  its  paflage  by 
the  furrounding  eleCtric.  medium,  and  the  firong  attraction  of 
the  oppofite  metal.  If  this  piece  of  metal  have  a  flat  Surface, 
or  one  that  is  nearly  So,  the  fluid  will  be  attracted  by  it  pretty 
equally,  within  a  certain  Space  ;  So  that  the  mutual  repulfion 
of  its  particles  will  have  room  to  exert  itfelf,  and  produce  a 
divifion  of  the  whole  quantity-,  and  as  this  repullion  is  the  fame 
in  all  directions,  the  efifeCt  muft  be  its  throwing  itfelf  into  a 
circle,  or  Several  concentric  circles,  on  its  entering  the  oppofite 
piece  of  metal,  and  consequently  melting  it,  in  that  form.  For 
the  fame  reafon  the  circles  themfelves  will  confift  of  Separate 
dots,  each  of  which  might  have  been  caufed  by  the  fluid  in  an¬ 
other  hollow  circle,  but  being  So  Small,  thefufion  of  the  metal 
could  not  £how  that  circumftance. 


*  Nollet’s  Letters,  Vol.  3.  p.  312. 
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Of  the  circles  being  formed  in  this  manner,  I  have  been,  in 
a  manner  an  eye  witnefs,  when  I  haveprefented  aflat  piece  of  me¬ 
tal  to  a  large  prime  condudtor  ftrongly  eledtrined,  and  have  feen 
large  fparks,  5  or  6  inches  long,  divide  about  the  middle,  and 
flrike  the  metal  in  a  circle,  about  an  inch  in  diameter  ;  gene¬ 
rally  with  a  central  fpot,  but  fometimes  without  one. 

670.  Other  fadts  lead  me  to  think,  that  all  the  inftances 
in  which  the  lightning  has  flruck  bodies  alternately,  may 
have  been  produced  by  a  conflant  flream  of  eledtric  matter, 
in  a  progreflive  motion,  the  firfl  part  of  which  being  difeharged 
upon  any  objedt,  the  flream  is  weakened  when  it  meets  with 
the  fecond,  but  is  accumulated  again  when  the  third  comes  in 
its  way,  an'd  fo  alternately,  as  long  as  the  flream  and  the  line 
of  objedts  continues.  This  account  feems  to  be  rendered  more 
probable  by  the  number  of  objedts  that  have  been  flruck  in 
this  manner,  particularly  in  a  cafe  which  is  related  by  Dr. 
Wallace  in  his  account  of  the  Orkney  iflands,  p.  78.  t(  In  the 
“  year  1680,”  he  fays,  “  the  lightning  entered  a  gentleman’s 
“  cow-flail,  where  were  twelve  cows  ftanding  tide  by  fide,  as 
•«  they  ufed  to  be,  and  killed  every  other  one ;  that  is,  it  kil- 
“  led  the  firfl,  and  mifled  the  fecond  ;  it  killed  the  third,  and 
««  milled  the  fourth  ;  and  fo  of  the  reft,  fo  that  fix  were  kil- 
“  led,  and  fix  remained  alive  and  untouched.” 

684.  Mr.  Canton  has  clearly  proved  the  calcination  of 
pure  gold  and  filver  by  the  heat  of  eledtrical  explofion,  pro¬ 
ducing  numberlefs  moft  beautiful  globules  of  tranfparent  glafs, 
and  alfo  others  tinged  with  all  the  varieties  of  colour  from 
thofe  metals.  He  has  alfo  made  it  probable,  that  the  black 
duft  mentioned  in  this  fedtion,  is  the  calx,  or  glafs  of  the  metal, 
reduced  to  fmaller  particles  than  the  laws  of  optics  require  to 
produce  colour. 
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696.  The  experiments  which  (how  that  the  electric  matter 
prefers  a  paffage  along  the  furface  of  fome  imperfedt  conductors, 
feems  to  prove  that  the  incumbent  air  is  not  in  perfedt  contadt 
with  them,  and  that  the  paflage  through  that  vacuum,  is  eafier 
than  through  the  fubftance  of  the  condudtor.  For  this  reafon, 
alfo,  longer  fparks  may  be  taken  along  the  furfaces  of  bodies 
that  are  non-condudtors  of  eledtricity,  as  glafs,  baked  wood, 
&c.  than  can  be  taken  through  the  air.  N.  B.  This  remark, 
through  inattention,  is  not  inferted  in  the  fecond  edition  of 
the  hiftory. 

726.  The  eledtric  fpark,  taken  in  the  middle  of  a  phial 
filled  with  inflammable  air,  is  always  of  a  red  or  purple  co¬ 
lour,  and  cannot  be  made  to  look  white  ;  but  the  larger  the 
explofion  is  the  nearer  it  approaches  to  white. 

733.  Mr.  Lullin  alfo  made  feveral  experiments  with 
an  eledtrified  hollow  veflel.  He  obferved,  that  if  an  elec¬ 
trified  cork  ball,  fufpended  by  a  filken  firing,  was  let  down 
into  the  veflel,  and  touched  the  bottom,  it  left  all  its  eledtricity 
behind  it.  He  alfo  made  the  experiment  with  a  glafs  veflel, 
coated  at  the  bottom,  and  charged,  with  the  fame  event.  It 
alfo  made  no  difference  whatever  was  the  form,  or  fize  of  the 
body  let  down  into  it,  provided  it  was  one  third  lefs  than  the 
depth  of  the  veflel ;  but  if,  when  it  touched  the  bottom,  it,  at 
the  fame  time,  reached  the  top,  or  came  near  the  top  of  the 
veflel,  it  acquired  eledtricity ;  and  a  confiderable  degree,  if  it 
exceeded  the  top.  The  form  of  the  veflel  made  no  difference 
in  his  experiments,  nor  did  it  make  any  whether  the  veflel 
was  entire  or  perforated.  A  wire  net  anfwered  perfectly  well. 
Thefe  experiments,  Mr.  Lullin  imagines,  clearly  prove  Nollet’s 
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doCtrine  of  the  conflant  motion  of  eleCtric  atmofpheres :  For  he 
thinks,  that  this  free  motion,  on  which  electrification  depends, 
is  prevented  from  taking  place  within  the  vefiel,  by  the  con* 
trary  tendency  of  the  oppofite  fides.* 

733.  Dr.  Franklin  thinks  that,  poffibly,  the  mutual  re- 
pulfion  of  the  oppofite  lides  of  the  eleBrified  cup  (fee  p.  709.) 
may  prevent  the  accumulation  of  an  electric  atmo/phere  upon 
them,  and  occafion  it  to  ftand,  chiefiy,  on  the  outiide.  But 
he  recommends  it  to  the  farther  examination  of  the  curious. 

0 

•  DilTcrtatio  Phyfica,  p.  38.  f  New  Edition  of  Franklin’s  Letters,  p.  326. 


E 


Experiments 


/ 


C  34  I 


-SECTION  XIII. 


Experiments  in  which  RINGS,  consisting  of  all 
the  PRISMATIC  COLOURS,  were  made  bv 
Electrical  Explosions  on  the  Surfaces  of 
Metals. 


IT  was  a  difcovery  of  Sir  Ifaac  Newton,  that  the  colours  of 
bodies  depend  upon  the  thicknefs  of  the  fine  plates  which 
compofe  their  furfaces.  He  hath  fhown,  that  a  change  of  the 
thicknefs  of  thefe  plates  occafions  a  change  in  the  colour  of  the 
body,  rays  of  a  different  colour  being  thereby  difpofed  to  be 
tranfmitted  through  it,  and,  confequently,  rays  of  a  different 
colour  reflected  at  the  fame  place,  fo  as  to  prefent  an  image  of 
a  different  colour  to  the  eye.  A  variation  in  the  denfity  oc¬ 
cafions  a  variation  in  the  colour,  but  ftill  a  medium  of  any 
denfity  will  exhibit  all  the  colours,  according  to  the  thicknefs 
of  it.  Thefe  obfervations  he  confirmed  by  experiments  on 
plates  of  air,  water,  and  glafs.  He  likewife  mentions  the 
colours  which  arife  on  poliflied  fteel  by  heating  it,  as  likewife 
on  bell  metal,  and  fome  other  metalline  fubflances,  when  mel¬ 
ted  and  poured  on  the  ground,  where  they  may  cool  in  the 
open  air,  and  he  afcribes  them  to  the  j cori 'a,  or  vitrified  parts 

of 
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of  the  metal,  which  he  fays  mod  metals,  when  heated  or 
melted,  do  continually  protrude,  and  fend  out  to  their  furfaces, 
covering  them  in  the  form  of  a  thin  glafiy  /kin. 

This  great  difcovery  concerning  the  colours  of  bodies,  de¬ 
pending  upon  the  thicknefs  of  the  fine  plates  which  compofe 
their  furfaces,  of  whatever  denfity  thofe  plates  may  be,  1  havs. 
been  fo  happy  as  to  hit  upon  a  method  of  illuftrating  and  con¬ 
firming  by  means  of  ele&rical  explofions.  A  number  of  thefe 
bein^  received  on  the  furface  of  any  piece  of  metal,  change 
the  colour  of  it  to  a  confiderable  diftance  from  the  fpot  on  which 
they  were  difcharged,  fo  that  the  whole  circular  fpace  is  divided 
into  a  number  of  concentric  rings,  each  of  which  confifls  of 
all  the  prifmatic  colours,  and  perhaps  as  vivid  as  they  can  be 
produced  in  any  method  whatever. 

It  was  not  by  any  reafoning  a  priori,  but  by  mere  accident, 
that  I  was  led  to  the  difcovery  of  thefe  colours.  Having  oc- 
cafion  to  take  a  great  number  of  explofions,  in  order  to  a/cer¬ 
tain  the  lateral  force  of  them  ;  I  obferved  that  a  piece  of  brafs, 
through  which  they  were  tranfmitted,  was  not  only  melted, 
and  marked  with  a  circle  by  a  fufion  round  the  central  fpot, 
but  like  wife  tinged  beyond  the  circular  fpot  with  a  greenith 
colour,  which  I  could  not  eafily  wipe  out  with  my  finger. 
Struck  with  this  new  appearance,  I  replaced  the  apparatus,  and 
continued  the  explofions,  till,  examining  with  a  microfcope, 
I  plainly  perceived  all  the  prifmatic  colours  in  the  order  of  the 
rainbow.  The  diameter  of  the  red,  in  this  inftance,  was  one- 
third  of  an  inch,  and  of  the  purple  near  one-fourth.  The 
diameter  of  the  whole  coloured  fpace  in  the  fubfequent  expe¬ 
riments,  in  which  I  generally  ufed  thirty  or  forty  explofions, 
was  near  an  inch. 
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Pleased  with  the  firft  experiment,  I  prefently  diverfified  it 
in  a  great  variety  of  ways,  the  refult  of  which  I  fhall  comprife 
in  the  following  obfervations. 

1.  When  a  pointed  body  is  fixed  oppofite  to  a  plain  furface, 
the  nearer  it  is  placed,  the  fooner  the  colours  appear,  the  clofer 
do  they  fucceed  one  another,  and  the  lefs  fpace  they  occupy. 

It  feems,  however,  that  when  the  point  is  at  fuch  a  diftance, 
that  the  eledtric  matter  has  room  to  expand,  and  form  as  large 
a  circular  ipot  as  the  battery  will  admit,  this  coloured  fpace  is 
as  large  as  it  is  capable  of  being  made ;  but  fiill  the  colours  ap¬ 
pear  later,  in  proportion  to  the  diftance  beyond  that.  When 
the  point  is  fixed  exceeding  near,  or  made  to  touch  the  furface, 
the  colours  appear  at  the  firft  explofionj  but  they  fpread  very 
irregularly,  and  make  no  diftindt  rings. 

2.  The  more  acutely  pointed  is  the  wire,  from  which  the 
eledtric  fire  ifiues,  or  at  which  it  enters,  the  greater  is  the 
number  of  rings.  A  blunt  point  makes  the  rings  larger,  but 
fewer.  It  is  likewife  much  later  before  they  make  their  ap¬ 
pearance  at  a  given  diftance, 

3.  In  making  thefe  rings,  the  firft  appearance  is  a  dufky  red  » 
about  the  edge  of  the  central  fpot ;  prefently  after  which  (ge¬ 
nerally  after  four  or  five  ftrokes)  there  appears  a  circular  fpace, 
vifible  only  in  an  oblique  pofition  to  the  light,  and  looking  like 

a  (hade  on  the  metal.  This  expands  very  little  during  the  whole 
courfe  of  the  explofions.  It  feems  to  be  an  attempt,  as  it 
were,  at  the  firft  red,  for,  by  degrees,  as  the  other  colours  fill 
the  greater  part  of  that  fpace,  the  extreme  edge  of  it  becomes 
a  deeper  brown. 

4.  After  a  few  more  explofions,  a  feccnd  circular  fpace 
is  marked,  by  another  (hade  beyond  the  firft,  being  one-eighth 

or 
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or  one-tenth  of  an  inch  in  breadth,  which  I  have  never  obferv- 
ed  to  change  its  appearance,  after  ever  fo  many  explofions. 
This  fhade,  by  fucceeding  the  firft,  which  becomes  gradually 
of  a  brown  or  light  red  colour,  feems  to  be  an  attempt  at  the 
fainter  colours,  which  intervene  between  the  reds. 

5.  All  the  colours  make  their  firft  appearance  about  the 
edges  of  the  circular  fpot.  Mote  explofions  make  them  ex¬ 
pand  towards  the  extremity  of  the  fpace  firft  marked  out, 
while  others  fucceed  in  their  place  ;  till,  after  thirty  or  forty 
explofions,  three  diftindt  rings  appear,  each  confifting  of  all 
the  colours.  If  the  explolions  be  continued  farther,  the  co¬ 
lours  become  lefs  beautiful  and  diflindt,  the  red  generally  pre¬ 
vailing,  and  fuflufing  the  reft. 

6.  The  innermoft,  i.  e.  the  laft  formed  colours,  are  always 
the  moft  vivid,  and  thofe  rings  are  likewife  clofer  to  one  an¬ 
other  than  the  reft. 

7.  These  colours  may  be  brufhed  with  a  feather,  or  a  fin¬ 
ger  may  be  drawn  over  them,  without  injury  to  them;  but 
they  are  eafily  peeled  off  with  one’s  nail,  or  any  thing  that  is 
fharp.  The  innermoft  are  the  moft  difficult  to  erafe. 

8.  The  firft  rings  are  fometimes  covered  with  a  quantity  of 
black  duft,  part  of  which,  however,  may  be  wiped  off  with  a 
feather,  and  the  colours  will  appear  under  it. 

9.  It  makes  no  difference  whether  the  ele&ric  matter  iffue 
from  the  pointed  body  upon  the  plate,  or  from  the  plate  upon 
the  pointed  body,  the  furface  oppofite  to  the  point  being  marked 
exactly  alike  in  both  cafes  ;  alfo  the  points  themfelves,  from 
which  the  fire  iffues,  or  at  which  it  enters,  are  colouied  to  a 
confiderable  degree,  about  half  an  inch.  The  colours,  alfo, 
return  here  as  upon  the  plate. 


10.  The 


ORIGINAL  EXPERIMENTS. 

10.  The  more  circles  are  made  at  the  fame  time,  the  more 
delicate,  I  think,  the  colours  will  be,  whereas  the  furface  is 
torn,  as  it  were,  by  violent  explofions,  and  the  colours  appear 
rough  and  coarfe.  But  this  roughnefs  is  only  perceived  on  fieel. 
On  filver,  tin,  and  polifhed  brafs,  the  colours  were  always 
equally  free  troifi  that  coarfenefs. 

11.  A  polished  furface  is  f*Ot  neceflary  for  thefe  colours, 
for  they  appear  very  well,  though  they  qG  make  fo  beauti¬ 
ful  an  appearance  on  the  rough  furfaces, 

12.  These  coloured  rings  appear  equally  well  on  all  the 
metals  that  I  have  tried,  viz.  gold,  lilver,  copper,  brafs,  iron, 
fteel,  lead,  and  tin.  I  have  not  tried  any  of  the  femi-metals, 
but  I  have  no  doubt  of  their  anfvvering  as  well  as  the  proper 
metals. 

13.  When  the  pointed  wire  was  made  to  incline  to  the 
plane  on  which  the  colours  were  made,  the  circular  fpot  was 
quite  round,  and  the  centre  of  it  in  a  perpendicular  let  fall  from 
the  point  upon  the  plain  furfaces ;  but  the  colours  were  pro- 
jedted  in  an  oblong  form,  the  centre  being  in  the  pointed  wire 
continued. 

Upon  fhewing  thefe  coloured  rings  to  Mr.  Canton,  I  was 
agreeably  furprized  to  find,  that  he  had  likewife  produced  all  the 
prifmatic  colours  from  all  the  metals,  but  by  a  different  ope¬ 
ration.  He  extended  fine  wires,  of  all  the  metals,  along  the 
furface  of  pieces  of  glafs,  ivory,  wood,  &c.  and  when  the  wire 
was  exploded,  he  always  found  them  tinged  with  all  the  co¬ 
lours.  They  are  not  difpofed  in  fo  regular  and  beautiful  a 
manner  as  in  the  rings  I  produced,  but  they  equally  demon- 
fixate,  that  none  of  the  metals,  thus  exploded,  difcovers  the 
leaft  preference  to  one  colour  more  than  to  another.  A  variety 

of 
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of  other  very  extraordinary  appearances  occurred  in  the  courfe 
of  Mr.  Canton’s  experiments  in  melting  wires,  but  I  forbear  to 
mention  them,  as  I  hope  he  will  foon  favour  the  public  with 
a  communication  of  them  himfelf. 

In  what  manner  thefe  colours  are  formed,  it  may  not  be 
cafy  to  conjecture.  In  Mr.  Canton’s  method  of  producing 
them,  the  metal,  or  the  calcined  and  vitrified  parts  of  it,  feem 
to  be  difperfed  in  all  directions  from  the  place  of  explofion  in 
the  form  of  fpheres,  of  a  very  great  variety  of  fizes,  tinged 
with  all  the  variety  of  colours,  and  fome  of  them  fmaller  than 
can  be  diftinCtly  feen  by  any  magnifier.  In  my  method  of 
making  thefe  colours,  they  feem  to  be  produced  in  a  manner 
fmilar  to  the  production  of  colours,  on  fteel,  and  other  metals 
by  heat,  #.  e .  the  furface  is  affeCted,  without  the  parts  of  it 
being  removed  from  their  places,  certain  plates  or  lamina 
being  formed,  of  a  thicknefs  proper  to  exhibit  the  refpeCtive 
colours,  at  certain  diftancesj  and  that  the  thicknefs  of  thefe 
plates  is  continually  changing  by  the  repetition  of  the  ex¬ 
plosions. 

N.  B.  The  battery  made  ufe  of  in  the  above-mentioned  ex¬ 
periments,  was  of  twenty-one  fquarc  feet  of  coated  glafs. 
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Experiments  on  the  LATERAL  FORCE  of 
Electrical  Explosions. 


BEING  informed,  in  accounts  of  damages  done  by  light¬ 
ning,  of  perfons  and  things  being  removed  to  a  confider- 
able  diflance,  without  receiving  any  hurt ;  I  was  excited  to  try 
whether  I  could  produce  fimilar  effeCts  by  electricity.  All  the 
other  known  effects  of  lightning  had  been  frequently  imitated 
by  the  application  of  this  power,  but  I  do  not  know  that  this 
effeCt  has  ever  been  fo  much  as  taken  notice  of  by  any  electri¬ 
cians.  The  experiments  I  prefently  found  to  be  very  eafy,  and 
I  think  it  not  difficult  to  afcertain  the  caufe,  and  the  manner  in 
which  this  flriking  effeCt  is  produced. 

If  pieces  of  corks,  powder  of  any  kind,  or  any  light  bodies 
v/hatever,  be  placed  near  the  explofion  of  a  jar  or  battery, 
they  will  not  fail  to  be  moved  out  of  their  places,  upon  the 
inftant  of  the  difcharge.  If  the  explofion  of  a  large  battery 
be  made  to  pafs  over  the  furface  of  animal  or  vegetable  fub- 
Rances,  in  the  manner  defcribed  above,  and  large  corks  be 
Rrewed  along  or  near  the  path  intended  for  it,  it  is  furprizing  to 
obferve  with  what  violence  they  will  be  driven  about  the  room. 

This 
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This  difperfion  is  in  all  directions  from  the  centre  of  the  ex- 
plofion,  and  it  makes  no  difference  whether  the  rods,  between 
which  it  is  made,  be  fharp  pointed  or  otherwife. 

The  effeCt  of  this  lateral  force  is  very  remarkable  in  attempts 
to  fire  gunpowder  in  eleCtrical  explofions.  If  the  gunpowder 
be  confined  ever  fo  clofe  in  quills  or  cartridges,  and  they  be 
held  faft  in  vifes  ;  yet,  when  the  explofion  is  made  in  the  cen¬ 
tre  of  them,  it  will  fometimes  happen  (even  when  a  wire  has 
been  melted  in  the  midft  of  the  powder,  and  the  fragments 
have  been  feen  red  hot,  for  fome  time,  in  different  parts  of  the 
room)  that  the  powder  has  not  been  fired,  or  only  a  few  grains  of 
it,  the  reft  being  difperfed  with  great  violence,  part  of  it  flying 
againft  the  faces  of  perfons  who  aflifted  in  making  the  experi¬ 
ments.  This  circumftance,  together  with  the  charcoal  being 
a  conductor  of  eleClricity,  makes  it  fo  extremely  difficult 
to  fire  gunpowder  by  eleCtrical  explofions  ;  and  it  is  evidently 
owing  to  this  lateral  force,  that  parts  of  the  melted  wire 
fly  fo  many  ways,  and  to  fo  great  a  diftance  from  the  place  of 
explolion. 

This  lateral  force  is  exerted,  not  only  in  the  neighbourhood 
of  an  explofion,  when  it  is  made  between  pieces  of  metal  in 
the  open  air,  butalfo  when  it  is  tranfmitted  through  wires  that 
are  not  thick  enough  to  conduCt  it  perfectly  ;  and  the  final ler 
the  wire,  and  the  more  complete  the  fufion,  the  greater  is  the 
difperlion  of  light  bodies  placed  near  it.  At  one  time,  when 
the  wire  was  not  melted,  but  turned  blue  by  the  explofion  (in 
which  cafe  it  generally  afiumes  a  dufky  red,  which  lafts  but  for 
a  moment)  there  was  a  fmall  difperfion  from  every  part  of  the 
wire,  but  by  no  means  fo  great,  as  it  would  have  been  if  it  had 
been  melted,  or  only  heated  to  a  greater  degree. 
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By  a  confiderable  number  of  trials,  I  found,  that  a  greater 
force  of  explofion  would  move  light  bodies  at  a  greater  distance, 
but  the  fmaller  the  bodies  were,  the  lefs  was  this  difference ; 
fo  that  I  imagined,  that  if  they  had  no  weight  at  all,  they 
would,  probably,  be  moved  at  the  fame  diflance,  by  the  ex- 
plofion  from  any  quantity  of  coated  furface,  charged  equally 
high  :  but  there  was  a  great  difference  in  the  weights  removed 
by  different  forces  at  the  fame  diflance.  Placing  the  fame 
piece  of  cork  at  the  fame  diftance  from  the  place  of  explofion, 
I  found  that  the  difeharge  of  one  jar  removed  it  one-fourth  of 
an  inch,  two  jars  one  inch  and  one-fourth,  three  jars  one  inch 
and  three-fourths,  and  four  jars  about  two  inches  ;  fo  that  I  do 
not  wonder  at  very  heavy  bodies  being  moved  from  their  places, 
and  to  confiderable  diftances,  by  ftrong  flafhes  of  lightning. 

Tk  at  the  immediate  caufe  of  this  difperfion  of  bodies  in 
the  neighbourhood  of  electrical  explofions,  is  not  their  being 
fuddenly  charged  with  eleCtric  matter,  and  therefore  flying 
from  others  that  are  equally  charged  with  it  is,  I  think,  evi¬ 
dent  from  the  following  experiments  and  obfervations.  I  never 
obferved  the  lead  fenfible  attraction  of  thefe  light  bodies  to 
the  brafs  rods  through  which  the  explofion  paffed,  or  to  the 
eleCtric  matter  palling  between  them,  previous  to  this  repul- 
fion,  though  I  ufed  l'everal  methods,  which  could  not  have 
failed  to  fhow  it,  if  there  had  been  any  fuch  thing.  Some¬ 
times  I  fufpended  them  in  fine  filken  firings,  and  obferved  that 
they  had  contracted  no  electricity  after  they  had  been  agitated 
in  the  manner  deferibed  above.  Sometimes  I  dipped  them  in 
turpentine,  and  obferved  that  no  part  of  it  was  found  flicking* 
either  to  the  brafs  rods  themfelves,  or  to  any  part  of  the  table 

betwixt  them  and  the  place  where  the  light  bodies  had  been 
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laid.  I  even  found  that  the  explofion  of  a  battery,  made  ever 
fo  near  to  a  brafs  rod,  did  not  fo  much  as  difturb  the  equili¬ 
brium  of  the  eledtric  fluid  in  the  body  itfelf;  for  when  1  had 
infulated  the  rod,  and  hung  a  pair  of  pith  balls  on  the  end  op- 
polite  to  that  near  which  the  explofion  palled,  I  found  that  the 
balls  were  not  in  the  leaft  moved  at  the  time  of  explofion  ; 
which  they  would  have  been,  if  part  of  the  eledtric  fluid  natu¬ 
ral  to  the  body  had  been  driven,  though  but  for  a  moment, 
towards  the  oppofite  end.  I  alfo  obferved  that  the  effedt  was 
the  fame  when  the  explofion  was  made  to  pafs  through  one  of 
the  knobs  of  the  infulated  rod.  This  lateral  force  was  evident 
through  thin  fubflances  of  various  kinds,  interpofed  between 
the  explofion  and  the  bodies  removed  by  it ;  as  paper,  tinfoil, 
and  even  glafs ;  for  when  fome  grains  of  gunpowder  were  put 
into  a  thin  phial  clofe  flopped,  and  held  near  the  explofion  of 
a  battery,  they  were  thrown  into  manifeft  agitation. 

I  therefore  think  it  mofl  probable,  that  this  lateral  force 
is  produced  by  the  expulfion  of  the  air  from  the  place  where 
the  explofion  is  made.  For  the  eledtric  matter  makes  a  va¬ 
cuum  of  air  in  its  palfage ;  and  this  air,  being  difplaced  fud- 
denly,  gives  a  concuflion  to  all  the  bodies  that  happen  to  be 
near  it.  Hence  the  removal  of  the  light  bodies,  and  the  agi¬ 
tation  communicated  to  the  thin  fubflances,  and  to  the  air,  and 
the  light  bodies  placed  beyond  them. 

The  only  objedtion  to  this  hypothefis  is,  that  this  lateral 
force  is  not  fo  much  lefs  in  vacuo  as  might  be  expedled,  when 
the  air  is  fuppofed  to  receive  the  concuflion  firft,  and  to  com¬ 
municate  it  to  other  bodies  ;  but  it  muft  be  confidered,  that  the 
mofl  perfedt  vacuum  we  can  make  with  a  pump  is  not  free 
from  air.  I  have  tried  to  make  this  experiment  in  a  torricel- 
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I'ian  vacuum,  but  could  not  fucceed  at  that  time.  Befides,  as 
the  eleCtric  matter  of  which  an  explofion  confifis  muff  take  a. 
wider  path  in  vacuo,  if  not  equally  fill  the  whole  fpace,  it  may 
afieCt  a  body  in  its  paffage,  without  the  intervent. on  of  any 
air.  In  condenfed  air,  this  lateral  force  was  not,  as  far  as  I 
could  perceive,  much  increafed. 

Willing  to  feel  what  kind  of  an  impulfe  it  was  that  aCted 
upon  bodies,  when  they  were  driven  away  by  this  lateral 
force  of  electricity,  I  held  my  finger  near  the  path  of  an  ex¬ 
plofion  of  the  battery,  paffing  over  the  furface  of  a  green  leaf, 
when  I  felt  a  ftroke,  as  of  fomething  pufhing  againfl  my  fin¬ 
ger.  Several  corks,  placed  in  the  fame  fituation,  were  driven 
to  a  confiderable  difiance  by  the  fame  explofion. 

Recollecting  that  this  power,  which  I  now  call  th z lateral 
force  of  clettric  explojions ,  muft  be  the  fame  with  that  which 
gives  the  concufiion  to  water,  mentioned  in  my  experiments  to 
imitate  an  earthquake,  and  to  vegetable  and  animal  fubftances, 
over  the  furface  of  which  it  pafles  ;  and  being  determined  to 
make  a  more  fatisfaClory  trial  of  it  than  I  had  ventured  to  do 
before,  I  laid  a  green  leaf  upon  the  palm  of  my  hand,  intend¬ 
ing  to  make  the  explofion  pafs  over  the  leaf ;  but  the  leaf  was 
burft,  and  torn  to  pieces,  and  the  explofion  paffing  over  my 
hand  gave  it  a  violent  jar,  the  efFeCt  of  which  remained  in  a 
kind  of  tingling  for  fometime. 

Lastly,  In  order  to  judge  the  moft  perfectly  of  this  force, 
1  laid  a  chain,  communicating  with  the  outfide  of  the  battery, 
upon  my  naked  arm  above  the  wrifi,  and  bringing  thedifeharg- 
ing  rod  near  the  flefh,  within  about  two  inches  and  an  half  of 
the  chain,  I  made  the  explofion  pafs  over  that  quantity  of  the 
furface  of  the  fkin.  Had  I  taken  a  greater  difiance,  I  was 
aware  that  the  explofion  would  have  entered  the  flefh  •,  which, 
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I  was  fenfible,  would  have  given  a  painful  convulfion  to  the 
mufcles  through  which  it  palled.  In  this  cafe,  the  fenfible 
effect  was  very  different  from  that,  being  the  fame  external 
concujjion  as  before ;  and  I  have  fometimes  thought,  that  the 
fenfation  is  not  difagreeable,  '  However  the  hairs  upon  the 
jfkin  were  all  finged,  and  curled  up  along  the  whole  path  of 
the  explofion,  and  for  the  fpace  of  about  half  an  inch  on  each 
fide  of  it;  alfo  the  papillce  pyramid  ales  of  thefkin  were  raifed,  as 
when  a  perfon  is  {hivering  with  cold.  This  was  alfo  the  cafe 
in  every  part  of  the  arm  which  the  chain  touched,  and  even 
that  part  of  it  which  was  not  in  the  circuit.  Both  the  path 
of  the  explofion,  and  the  place  on  which  the  chain  had  lain, 
had  a  rednefs,  which  remained  till  the  next  day.  Sometimes 
the  flefh  has  contra&ed  a  blacknefs  by  this  experiment,  which 
has  remained  for  a  few  hours. 
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Various  Experiments  on  the  FORCE  of 
ELECTRICAL  EXPLOSIONS. 


MAKING  the  explofion  of  a  battery  pafs  over  the  furface 
of  a  green  cabbage  leaf,  I  obferved  that  it  left  a  track 
near  a  one-fourth  of  an  inch  in  breadth,  exceedingly  well  defin¬ 
ed,  and  diftinguilhable  by  a  difference  of  colour  from  the  reft  of 
the  leaf.  Along  this  path  alfo  the  firmnefs  of  texture  in  the 
leaf  was  entirely  deftroyed,  that  part  becoming  quite  flexible, 
like  a  piece  of  cloth.  Prefently  after  it  turned  yellow,  grew 
withered,  and  became  perfectly  brittle. 

Willing  to  try  the  effect  of  this  explofion  pafling  along 
the  furface  of  other  fubftances,  I  laid  apiece  of  common  win- 
dovv-glafs  on  the  path,  prefled'  by  a  weight  of  fix  ounces ;  but 
it  was  fhattered  to  pieces,  and  totally  difperfed,  together  with 
the  leaf  on  which  it  lay.  Placing  the  black  fide  of  a  piece  of 
cork-wood  upon  it,  prefled  by  a  weight  of  half  a  pound,  the 
leaf  was  not  rent,  but  the  cork  was  furrowed  all  the  way,  a 
trench  being  made  in  it,  about  half  an  inch  in  breadth,  and  a 
quarter  of  an  inch  in  depth.  Laying  the  fmooth  cut  furface 
qf  the  piece  of  cork,  it  was  furrowed  all  the  way  as  if  it  had 

been 


ORIGINAL  EXPERIMENTS.  47 

been  cut  with  a  file,  but  not  near  fo  deep  as  before.  Many  of 
the  fmall  pieces,  which  had  been  rubbed  off  in  the  explofion, 
remained  in  the  furrow.  Alfo  the  fubdance  of  the  cork 
feemed  to  be  fhattered,  and  it  was  eafily  rubbed  off  a  little  way 
into  it. 

I  made  this  explofion  on  the  furface  of  fome  red  wine  in  a 
fmall  difh,  and  kept  a  part  of  the  fame  quantity  expofed  in  a 
fimilar  manner,  but  I  could  perceive  no  difference  between 
them  after  feveral  days. 

The  track  of  an  eledric  explofion  on  the  furface  of  the  cab¬ 
bage  leaf  being  fo  well  defined,  fuggeded  an  experiment  to  af- 
certain  whether  there  was  any  fenfible  momentum  in  the  elec¬ 
tric  fluid,  when  it  is  rufhing  with  violence  from  one  fide  of  a 
battery  to  the  other.  For  this  purpofe  I  made  the  explofion 
pafs  over  the  leaves  when  they  were  cut  in  right  and  acute  an¬ 
gles  ;  fo  that  the  fhorted  path,  from  the  infide  to  the  outfide 
of  the  battery,  was  to  turn  clofe  at  the  angle  ;  and  obferved, 
that  it  was  -not  diverted  from  its  courfe  in  the  lead  degree  by 
the  rapidity  of  its  own  motion,  but  that  it  had  turned  exadly 
at  the  angle,  and  kept  as  ciofe  to  the  oppofite  fide,  as  if  the 
motion  had  begun  at  the  angle.  The  eledric  matter  had  how¬ 
ever  been  evidently  attraded  by  the  veins  of  the  cabbage  leaf, 
having  purfued  them  a  little  way,  at  lead,  having  fenfibly  af- 
feded  them  wherever  it  met  with  them  in  its  paffage. 

This  experiment  fuggeded  another,  intended  to  determine 
whether  the  force  of  an  explofion  was  at  all  diminifhed  by 
being  diverted  from  a  right  lined  courfe,  and  made  to  turn  in 
a  great  number  of  angles.  To  do  this,  I  fird  found,  by  a 
great  number  of  trials,  what  length  of  a  fmall  iron  wire  I  was 
able  to  melt  with  a  battery  of  about  twenty  fquare  feet,  in  the 

middle  of  a  circuit  of  about  three  yards  of  brafs  wire,  confi- 

derably 
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derably  thicker  than  the  iron,  and  ftretched  in  two  right  lines* 
fufpended  on  filken  firings.  The  length  of  the  iron  wire  mel¬ 
ted  in  thefe  circumftances  'was  about  three  inches.  I  then  took 
the  fame  brafs  wire,  and,  fixing  pins  into  a  board  of  baked 
wood,  twifled  it  about  them,  making  it  turn  in  a  very  great 
number  of  acute  angles;  and  I  put  three  inches  of  the  fame 
iron  wire  in  the  middle  of  this  crooked  circuit,  that  I  had 
done  in  the  llreight  one,  fo  that  the  eledtric  matter  in  the  ex- 
plofion  was  obliged  to  make  a  great  number  of  turns  at  acute 
angles,  before  it  could  come  to  the  iron  wire  ;  but  I  always 
found  that  the  fame  length  of  iron  wire  was  melted  in  thefe 
circumftances,  as  in  the  other,  and  not  the  leaft  difference  was 
perceived  in  the  force. 

But  though  the  form  of  the  wire  through  which  an  explo- 
fion  paffed  made  no  difference  in  its  force,  I  found  a  very  re¬ 
markable  difference  occafioned  by  the  length  of  the  circuit ,  in 
wires  of  the  fame  thicknefs,  and  which,  I  own,  furprized  me 
very  much. 

In  order  to  afcertain  the  practicability  of  firing  mines  by 
eledtric  explofions,  I  took  twenty  two  yards  of  ftnall  brafs  wire 
(but  fo  thick,  however,  that  I  could  not  have  melted  the 
leaft  part  of  it,  by  the  force  of  any  battery  I  have  ever  con- 
ftrudted)  and  extending  it  along  a  dry  boarded  floor,  with  a 
fmall  piece  of  iron  wire,  and  a  cartridge  of  gunpowder  about 
it,  in  the  place  that  was  moft  remote  from  the  battery ;  1  found 
that,  upon  the  difcharge,  the  wire  was  not  melted,  nor  the 
gunpowder  exploded  ;  alfo  the  report  was  very  faint.  In  other 
circumftances  a  charge  of  the  fame  battery  was  able  to  melt 
more  than  nine  inches  of  this  iron  wire,  and  this  fame  cartridge 
was  eafily  fired  near  the  battery,  connected  with  fhorter  pieces 
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of  the  fame  brafs  wire ;  fo  that  the  diminution  of  force  muft 
have  been  owing  to  the  length  of  the  circuit. 

In  the  place  of  this  fmall  brafs  wire,  I  fubftituted  an  iron 
wire,  one  fifth  of  an  inch  thick  ;  when  about  half  an  inch  of 
the  fmall  iron  wire  was  exploded ;  fo  that  the  force  was  not 
leftened  fo  much  in  a  circuit  of  the  thick  iron  wire,  as  it  had 
been  in  one  of  the  fmall  brafs  wires.  In  order  to  judge  how 
much  of  the  force  might  be  loft  by  nearer  circuits,  confiding 
of  lefs  perfedt  conductors,  I  joined  the  middle  of  the  circuit 
made  by  the  iron  wire  with  water,  in  which  both  the  wires 
were  immerfed.  The  effedt  was,  that  the  fmall  iron  wire  was 
only  made  red-hot,  but  not  exploded  as  before. 

Being  fenfible  how  much  depended  upon  avoiding  all  lefler 
circuits,  whereby  part  of  the  fire  of  an  explofion  might  return 
to  the  battery,  without  reaching  the  extremity  of  the  circuit, 
where  I  intended  the  whole  of  its  force  to  be  exerted ;  in  the 
remaining  experiments,  I  infulated  half  the  circuit  of  iron  wire. 
There  was  no  occafion  for  infulating  the  whole  circuit :  for  if 
there  was  but  one  paffage  to  ox  from  the  middle  of  it,  there 
could  be  but  one  from  or  to  it.  In  this  method  it  was  eafy  to 
afeertain  what  lols  of  the  force  was  occafioned  by  the  length  of 
the  circuit,  as  every  other  circumftance  was  carefully  excluded. 
And  it  prefently  appeared  to  be  very  confiderable ;  for  though 
I  could  melt  nine  inches  of  the  fmall  iron  wire  at  the  diftance 
of  1 5  yards  from  the  battery  5  when  I  tried  twenty  yards,  I 
found  that  I  was  juft  able  to  make  fix  inches  of  it  red-hot. 
The  battery  in  thefe  -experiments  was  in  the  houfe,  and  the 
wires  of  which  the  circuit  confifted  were  conveyed  by  filken 
firings  into  a  garden  adjoining  to  the  houfe. 
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Mentioning  this  lofs  of  force,  occafioned  by  the  length 
of  the  circuit  in  electrical  explofions,  to  Dr.  Franklin,  he  told  me, 
that  the  fame  obfervation  had  occurred  to  him,  and  that  he 
alfo  had  been  difappointed  in  an  attempt  to  fire  gunpowder  at 
a  diftance  from  his  battery. 

Struck  with  this  appearance,  I  endeavoured  to  afcertain 
the  quantity  of  this  obftruCtion,  by  trying  what  other  courfes 
the  electric  fire  would  chufe,  preferably  to  a  long  metallic  cir¬ 
cuit.  In  the  firfi:  place,  taking  about  a  yard  of  the  fmallbrafs 
wire  mentioned  above,  I  difpofed  it  in  the  manner  defcribed 
Fig.  9.  PI.  1.  connecting  one  of  the  ends  with  the  outfide  of 
the  battery,  and  the  other  with  the  infide.  In  the  firfi:  place 
I  brought  the  parts  a  and  b  (near  the  two  extremities)  into  con¬ 
tact,  and,  upon  the  difcharge,  found  there  had  been  a  fufion 
in  that  place,  and  that  a  great  part  of  the  fire  had  taken  the 
fhorter  circuit,  though  it  had  been  obliged  to  quit  the  wire  in 
one  place,  and  enter  it  again  in  another.  Afterwards  I  re¬ 
moved  the  parts  a  and  b  to  a  fmall  diftance  from  one  another, 
and,  upon  the  explofion,  obferved  a  firong  fpark  pafs  between 
them.  Removing  them  to  greater  and  greater  diftances,  I 
found  the  explofion  chofe  to  pafs  above  one-third  of  an  inch  in 
the  air,  rather  than  make  the  circuit  of  the  continued  wire. 
Ufing  a  longer  and  fmaller  iron  wire,  the  paffage  through  the 
air  exceeded  half  an  inch.  I  then  took  four  or  five  yards  of  iron 
wire,  one-tenth  of  an  inch  thick  ;  when  the  pafiage  through 
the  air  was  ftill  half  an  inch  $  and  taking  three  yards  and  a  half 
of  a  wire  that  was  one-fifth  of  an  inch  thick,  the  fpark  in  the 
air  was  half  an  inch,  and  fometimes  near  three  quarters  of  an 
inch.  Making  ufe  of  only  half  the  length  of  this  wire,  the 
pafiage  through  the  air  was  only  half  that  difiance  or  one-fourth 
of  an  inch.  When  I  kept  the  place  of  near  contaCl  about  the 
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middle  of  this  wire,  and  made  the  explofion  at  the  extremities 
of  the  whole  wire,  I  was  obliged  to  bring  them  about  as  near 
again,  i.  e.  to  little  more  than  one-eighth  of  an  inch  before 
the  pafiage  would  be  through  the  air  j  fo  that  the  force  of  the 
whole  explofion  muff  have  been  greatly  weakened  by  its  paffing 
through  fo  much  of  the  wire.  Laftly,  I  took  a  pair  of  kitchen 
tongs,  the  legs  of  which  were  two  feet  in  length,  and  the 
fmalleft  part  of  them  above  half  an  inch  in  diameter ;  when 
the  circuit  was  made  about  one  fixth  of  an  inch  in  the  air  (for 
at  that  diffance  from  one  another  the  ends  of  the  tongs  had 
been  fixed)  rather  than  through  four  feet  of  that  thick  iron. 

Notwithstanding  this  pafiage  of  the  explofion  through 
the  air,  at  the  fame  time  that  a  metallic  circuit  was  open  for  it, 
it  was  evident  that  the  whole  of  the  force  did  not  pafs  this  way, 
nor  indeed  the  greatefl  part  of  it.  For  when  I  extended  a  fmall 
iron  wire  between  a  and  b,  I  could  only  make  about  half  an 
inch  of  it  red-hot,  whereas,  when  there  was  no  other  metallic 
circuit,  I  was  able,  with  the  fame  battery,  to  explode  more 
than  two  inches  of  it. 

As  the  eledtric  fire  meets  with  fo  much  obftrudtion  in  paffing 
through  a  circuit  of  iron  of  this  thicknefs,  I  make  no  doubt, 
but  that  it  is  confiderably  obftrudted  in  paffing  through  metallic 
circuits  of  any  thicknefs  whatever ;  and  that  it  would  prefer  a 
pafiage  through  the  air,  if  they  were  made  even  of  no  great 
length. 

In  this  method,  the  different  degrees  of  conducting  power 
in  different  metals  may  be  tried,  ufing  metallic  circuits  of 
the  fame  length  and  thicknefs,  and  obferving  the  difference  of 
the  pafiage  through  the  air  in  each.  N,  B.  A  common  jar  an- 
fwers  as  well  in  thefe  experiments  as  a  large  battery. 
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It  is  evident,  from  many  experiments,  that  the  whole  fire 
of  an  explofion  does  not  pafs  in  the  fhorted  and  bed  circuit, 
but  that  if  inferior  circuits  be  open,  part  will  pafs  in  them  at 
the  fame  time.  Of  this  I  made  the  following  fatisfa&ory  trial.  I 
took  an  iron  chain,  and  laid  it  upon  a  table,  in  contact  with  a 
charged  jar  ;  fo  that  the  parts  of  it  made  two  circuits  for  the 
difcharge,  which  I  could  vary  at  pleafure ;  and  I  obferved  that, 
when  one  of  the  circuits  was  but  half  an  inch,  and  the  other 
more  than  half  a  yard ;  yet,  if  the  charge  was  high,  it  always 
went  in  them  both,  there  being  confiderable  flafhes  between 
the  links  of  the  remoted  part  of  the  chain.  If  the  charge  was 
weak,  it  paffed  in  the  fliorter  circuit  only. 

It  is  evident  that  when  the  wires  of  a  battery  are  not  in 
clofe  contact,  there  muff  be  fome  lofs  of  force  in  the  difcharge  ; 
but  this  never  appeared  to  me  to  be  fo  confiderable,  as  Mr. 
L’Epinafle  feems  to  have  imagined.  Phil.  Tran.  vol.  57.  part 
1.  p.  186.  In  order  to  afcertain  this  by  experiment,  I  firfl 
found,  by  repeated  trials,  what  length  of  an  iron  wire,  of  a 
certain  thicknefs,  I  was  able  to  melt  with  a  battery  confiding  of 
twenty  jars  condrudted  in  the  manner  defcribed  above.  It 
was  about  two  inches  and  a  half.  I  then  foddered  all  the  wires 
together,  and  alfo  foddered  one  rod  to  them  all,  indead  of  a 
chain  which  I  had  ufed  before;  fo  that  I  avoided  near  a  hundred 
fparks,  in  each  of  which  fome  force  had  been  loll: ;  but  I  did 
not  find,  after  many  trials,  that  the  power  of  the  battery  was 
fenfibly  diminifhed.  I  dill  could  not  melt  three  inches  of  the 
fame  wire. 
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